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(Energy  Mineral  Rehabilitation  Inventory  and  Analysis) 

EMRIA  is  a  coordinated  approach  to  the  collection,  analysis,  and  inter- 
pretation of  overburden  (soil  and  bedrock) ,  hydrology,  vegetation,  and 
energy  resource  data.   The  main  objective  of  the  effort  is  to  assure 
adequate  baseline  data  for  choosing  reclamation  goals  and  establishment 
of  lease  stipulations  through  site-specific  preplanning  for  surface  mining 
and  reclamation. 


These  reports  are  prepared  through  the  efforts  of  the  Department  of  the 
Interior,  principally  by  the  Bureau  of  Land  Management,  Water  and  Power 
Resources  Service,  and  Geological  Survey.   Assistance  is  also  provided  by 
other  Federal  and  State  agencies. 
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Hanging  Woman,  Montana 

White  Tail  Butte,  Wyoming 
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RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

OF 
BEULAH  TRENCH  STUDY  AREA 
WEST  RENNERS  COVE  COALFIELD 
MERCER  COUNTY,  NORTH  DAKOTA 


INTRODUCTION 

Recent  energy  shortages  have  forced  our  society  to  seek  new  domestic 
sources.   Attention  has  focused  on  the  immense  quantities  of  low  sulfur 
coal  that  lie  within  the  Rocky  Mountain  and  Northern  Creat  Plains  regions. 
It  is  the  responsibility  of  the  Department  of  the  Interior  and,  principally, 
the  Bureau  of  Land  Management  to  assist  in  meeting  these  energy  demands 
and,  at  the  same  time,  provide  sound  reclamation  guidelines  so  that  the 
disturbed  lands  are  restored  to  an  acceptable  condition. 

PURPOSE 

The  purpose  of  this  report  is  to  provide  information  for  establishing 
reclamation  objectives  and  lease  requirements.   Detailed  data  is  given  on 
geology,  coal  resources,  overburden  (soil  and  bedrock),  greenhouse,  vege- 
tation, and  hydrology.   Less  detailed  information  is  provided  on  climate 
and  physiography. 

REPORT  OBJECTIVES 

1 .  To  analyze  and  quantify  the  environmental  impacts  from  surface  mining 
of  coal. 

2.  To  provide  resource  and  impact  information  for  leasing  site  selection 
procedures  as  set  forth  by  the  Secretary  of  the  Interior. 

3.  To  provide  environmental  resource  information  needed  to  implement 
effective  reclamation  and  rehabilitation  programs  and  for  the  develop- 
ment of  meaningful  lease  stipulations  as  required  by  the  mined  land 
reclamation  program. 

A.   To  provide  resource  and  impact  information  to  support  state  and  local 
regional  development  and  land  use  planning  efforts. 

5.  To  determine  the  present  and  potential  capability  of  the  soil  and 
bedrock  to  support  and  maintain  vegetation  on  known  coal  deposits. 

6.  To  provide  physical  and  chemical  data  from  which  realistic  stipulations 
may  be  prepared  for  exploration,  mining,  and  reclamation  plans. 

7.  To  provide  data  needed  in  the  preparation  of  Environmental  Impact 
Statements,  Environmental  Analysis  Records,  and  to  aid  in  the  review 
of  mining  reclamation  plans  for  proposed  land  disturbing  activities 
in  the  vicinity  of  the  study  area. 


AUTHORITY 

Federal  Land  Policy  and  Management  Act  of  1976  and  Surface  Mining  Control 
and  Reclamation  Act  of  1977. 

RESPONSIBILITY 

Bureau  of  Land  Management 

1.  Selects  study  area  for  coordinated  investigations  of  climate,  geology, 
hydrology,  overburden,  vegetation,  and  sedimentation. 

2.  Acts  as  Contracting  Officer  in  the  coordination,  establishment  and 
execution  of  work  orders. 

3.  Procures  easements  and  rights-of-way  to  conduct  the  studies. 

4.  Distributes  technical  data,  reports,  and  reclamation  and  rehabilitation 
recommendations  to  Bureau  of  Land  Management  field  offices. 

5.  Determines  postmining  land  uses. 

Water  and  Power  Resources  Service  — 

1.  Conducts  a  land  classification  for  determining  suitability  of  bedrock 
material  for  use  in  revegetation  of  shaped  spoils. 

2.  Conducts  drilling  operations  for  the  procurement  of  core  samples  for 
coal  and  soil  analysis. 

3.  Characterizes  and  interprets  suitability  of  overburden  material  as 
well  as  substrata  immediately  below  the  coal  resources  for  purposes 
of  revegetation. 

4.  Arranges  for  greenhouse  studies  for  determining  overburden  materials 
potential  for  supporting  vegetative  growth. 

5.  Conducts  mechanical  weathering  tests  of  core  samples  to  determine 
stability  of  overburden  materials. 

6.  Recommends  to  District  Office,  Bureau  of  Land  Management,  suitable 
plant  species  for  use  in  areas  to  be  reclaimed. 

7.  Advises  District  Office,  Bureau  of  Land  Management,  on  reclamation 
techniques. 

8.  Prepares  geologic  maps,  logs,  and  cross  sections. 

9.  Advises  the  Bureau  of  Land  Management  on  paleontological  finds  in  the 
study  area. 


1/   Formerly  the  Bureau  of  Reclamation 


U.S.  Geological  Survey 

1.  Conducts  vegetation  and  soil  studies  which  result  in  vegetation  maps 
and  related  soil  characteristics. 

2.  Assesses  reclamation  potential  based  on  water  available  from  precipi- 
tation, the  effects  of  surface  mining  on  area  hydrology,  and  the 
measures  required  to  prevent  adverse  effects  on  surface  and  ground 
water  of  the  area. 

3.  Prepares  sediment  yield  maps. 

4.  Prepares  erodibility  maps. 

5.  Collects  and  interprets  data  to  predict  alternative  solutions  to 
ground  water  problems  encountered  during  mining  and  reclamation. 

6.  Implements  a  monitoring  system  to  define  baseline  conditions  and 
document  ground  water  changes  in  flow  and  quality  caused  by  mining 
and  reclamation. 

7.  Prepares  ground  water  maps. 

8.  Tabulates  coal  resources  estimates. 

9.  Prepares  a  table  of  analytical  results  of  coal  resources. 

GENERAL  DESCRIPTION 

Location 

The  Beulah  Trench  Study  Area  is  located  in  west-central  North  Dakota 
(Mercer  County) ,  approximately  5  miles  northwest  of  Beulah.   Plate  1 
shows  the  general  location.   The  area  includes  approximately  2,700  acres 
in  all  or  parts  of  Sections  14,  22,  26,  and  34  of  T.  145N. ,  R.  88W.  and 
Sections  4,6,  and  8  of  T .  144N.,  R.  88W.   Photograph  1  and  Plate  2  show 
the  area  setting  and  topography.   All  surface  is  privately  owned.   All 
coal  is  federally  owned  as  shown  on  Plate  3.   Photographs  2  through  4  show 
the  typical  terrain  in  the  Beulah  Trench  Study  Area. 

Present  Land  Uses 

Most  of  the  land  within  the  Beulah  Trench  Study  Area  is  currently  used 
for  grazing  cattle.   Some  hay  and  small  grains  are  being  produced  along 
the  floors  of  larger  drainages  and  on  gentle  slopes,  but  only  a  small 
percentage  of  the  total  acreage  is  regularly  cultivated. 

Although  the  area  is  not  being  specifically  managed  for  wildlife  habitat 
or  watershed  protection,  these  uses  should  also  be  recognized. 

The  study  area  is  not  forested  except  for  some  scrubby  growth  along  a  few 
drainages.   Little  except  firewood  and  a  few  fence  posts  could  be  produced 
from  the  few  trees  that  do  exist. 


No  commercial  gravel  pits  or  quarries  are  presently  operating  within  the 
area  underlain  by  federally  owned  coal.   A  small  gravel  pit  showing 
some  recent  activity  is  located  in  the  northeast  corner  of  Section  14, 
T.  1A5N.,  R.  88W. 
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Photograph  4 


Photograph  4  -  BEULAH  TRENCH  STUDY  AREA  -  WEST  RENNERS  COVE  COALFIELD, 
NORTH  DAKOTA  -  View  eastward  toward  the  Pleistocene  drainage  channel 
from  near  the  N.W.  corner  of  Sec.  14,  T.  145  N.,  R.  88  W. 
U.S.  Bureau  of  Reclamation  Photograph  P1305-600-20.    11/30/77 


OBJECTIVE  OF  RECLAMATION 


Mine  operators  must  comply  with  all  established  mining  and  reclamation 
laws.   Federal  mining  regulations  contained  in  the  Surface  Mining  Control 
and  Reclamation  Act  of  1977  (P.L.  95-87)  are  the  minimum  that  are  acceptable. 
They  may  be  superseded  by  more  stringent  State  regulations.   These  regulations 
set  forth  the  main  objective  that  must  be  fulfilled  by  reclamation  programs. 

Section  816.133(a)  of  30  CFR  (Federal  regulations)  stipulates  that:   "All 
affected  areas  shall  be  restored  in  a  timely  manner:   (1)  to  conditions 
that  are  capable  of  supporting  the  uses  which  they  were  capable  of  supporting 
before  any  mining;  or  (2)  to  higher  or  better  uses  achievable  under  criteria 
and  procedures  of  this  section. 

Chapter  38-14.1,  Section  69-05.2-23-01  of  the  North  Dakota  Century  Code 
(proposed  North  Dakota  State  Program  1_/)  states  that:   "All  disturbed 
areas  shall  be  restored  in  a  timely  manner  to  conditions  that  are  capable 
of  supporting  the  uses  which  they  are  capable  of  supporting  before  mining, 
or  to  higher  or  better  uses  achievable  under  the  criteria  and  procedures 
of  Section  69-05.2-23-04." 

Both  Federal  and  State  regulations  present  specific  guidelines  for  determining 
premining  land  uses  and  acceptable  postmining  land  uses.   Unless  an  alternative 
postmining  land  use  is  desired  by  the  landowner(s)  and  approved  by  the 
North  Dakota  Public  Service  Commission,  the  main  objective  of  reclamation 
in  the  Beulah  Trench  Study  Area  will  be  to  restore  the  disturbed  land  to 
a  condition  capable  of  supporting  the  uses  that  it  supports  today.   These 
uses  are  rangeland,  hayland,  and  cropland  (small  grains). 


1/   The  North  Dakota  State  Program  for  regulating  mining  and  reclamation 
will  take  effect  upon  approval  by  the  Office  of  Surface  Mining, 
U.S.  Department  of  the  Interior. 


PHYSICAL  PROFILE 


CLIMATE 


Climate  in  the  Beulah  Trench  Study  Area  (Mercer  County,  North  Dakota) 
is  characterized  by  warm  summers,  harsh  cold  winters,  long  periods  of 
sunshine,  and  a  moderate  amount  of  precipitation  during  the  growing 
season.   Data  obtained  from  the  recording  station  in  Beulah,  North  Dakota, 
(approximately  5  miles  southeast  of  the  study  area)  were  used  to  evaluate 
temperature,  precipitation,  and  related  climatic  factors  for  the  study 
area. 


Temperature 

Based  on  data  recorded  between  1955  and  1974  at  Beulah,  temperature 
extremes  of  104°  F.  and  -39°  F.  may  occur  in  this  study  area.   Average 
monthly  temperatures  and  probable  extremes  for  the  area  are  listed  in 
Table  1. 

Frontal  systems  pass  through  this  area  frequently  throughout  the  year 
and  can  cause  large  temperature  changes  within  a  24-hour  period.   Several 
large,  rapid  flucuations  in  temperature  can  occur  over  a  one  to  two 
week  period. 

The  average  growing  season  for  hardy  crops  is  approximately  134  days 
between  mid-May  and  mid  to  late  September.  — '   Tables  2  and  3,  respectively, 
describe  the  probable  growing  season  lengths  and  freeze  dates  in  spring 
and  fall.   Typically,  native  range  plants  and  small  grains  deplete  the 
available  soil  moisture  by  mid-July.   Tables  4  and  5,  Appendix  B, 
record  the  estimated  moisture  reserve  at  the  beginning  of  the  growing 
season  and  the  approximate  date  the  soil  moisture  is  depleted  by 
native  grasses  and  small  grains. 


Precipitation 

The  average  annual  precipitation  in  this  study  area  is  about  16.13  inches, 
with  nearly  75  percent  of  this  amount  falling  during  the  growing  season 
(May  through  September).   June  is  the  wettest  month,  averaging  3.35 
inches.   Average  monthly  precipitation  values  are  included  in  Table  1. 

Average  snowfall  for  the  area  is  about  27  inches,  with  almost  96  percent 
of  this  value  occurring  between  November  and  April  (see  Table  1). 
Effective  precipitation  from  snowfall  is  considered  to  be  80  percent  of 
the  total  snowfall. 

A  map  showing  precipitation  deviation  at  selected  locations  within  a 

40  mile  radius  of  Beulah,  North  Dakota,  is  provided  in  Figure  1,  Appendix  B, 

1_/ Includes  days  when  the  minimum  temperature  exceeds  28  F. 
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Tables  2  and  3 


Table  2 
Growing  Season  Length  (Mercer  County,  North  Dakota)* 


Dai 
du 

ly  minimum  temperature 
ring  growing  season1 

Probability 

Higher 
than 
21°  F 

Higher 
than 

28°  F 

Higher 
than 
32°  F 

Days 

Days 

Days 

9  years  in  10 

131 

117 

99 

8  years  in  10 

112 

122 

101 

5  years  in  10 

156 

131 

115 

2  years  in  10 

170 

115 

126 

1  year  in  10 

176 

151 

131 

Table  3 

Freeze  Dates  in  Spring  and  Fall  (Mercer  County,  North  Dakota)* 

I  :     .       . 

Temperature ' 


Probability 

21°  F 
or  lower 

26°   F 
or  lower 

32°  F 
or  lower 

Last  freezing 
temperature 

in  spring: 

1  year  in  10 
later  than — 

May 

16 

May 

31 

June   1 

2  years  in  10 
later  than-- 

May 

11 

May 

21 

May   31 

5  years  in  10 
later  than — 

May 

1 

May 

12 

May   23 

First  freezing 

temperature 
in  fall: 

1  year  in  10 
earlier  than — 

September 

17 

s 

sptember 

7 

S 

eptember  2 

2  years  in  10 
earlier  than-- 

September 

23 

s 

sptember 

13 

S 

eptember   6 

5  years  in  10 
earlier  than — 

October 

5 

s 

sptember 

23 

S 

sptember  16 

1/   Recorded  between  1955-74  at  Beulah,  North  Dakota 
*   These  tables  are  taken  from:   Soil  Survey  of  Mercer  County. 
North  Dakota;  U.S.D.A.  -  Soil  Conservation  Service,  1978. 


The  magnitude  of  storms  of  various  recurrence  intervals  in  this  area  were 
determined  using  the  curve  shown  in  Figure  19  (follows  page  50) .   The 
following  data  give  a  general  idea  of  storm  intensity  in  the  Beulah  Trench 
Study  Area: 


Recurrence  Interval  (years) 

2.33 
10.00 
25.00 
50.00 


Precipitation  (inches) 

1.67 
2.55 
3.07 
3.45 


Other  Climatic  Characteristics 

The  prevailing  wind  direction  is  west-northwesterly  except  in  May,  June, 
July,  and  August,  when  it  is  easterly.   The  windiest  month  is  April, 
during  which  the  wind  speed  averages  about  13  miles  per  hour. 

June  and  July  are  the  months  most  susceptible  to  hail  activity.   Hail 
damage  to  small  grains  may  be  severe;  damage  to  range  plants  is  less  severe, 

The  interaction  of  climate  and  aspect  generally  does  not  limit  crop  or 
range  productivity  in  this  area.   The  surface  relief  is  relatively 
subdued  and,  although  the  south  facing  slopes  are  more  droughty,  the 
reduction  in  plant  productivity  is  minimal. 

Thunderstorms  occur  on  about  35  days  in  an  average  year.   In  at  least 
1  year  in  5,  the  following  rainfall  intensities  can  be  expected: 
1.1  inches  in  30  minutes,  1.5  inches  in  1  hour,  1.8  inches  in  3  hours, 
1.9  inches  in  6  hours,  2.3  inches  in  12  hours,  and  2.7  inches  in  24  hours. 

Annual  evaporation  from  Class  A  pans  is  estimated  at  36  inches.   Eighty- 
four  percent  of  this  evaporation  occurs  during  the  period  of  May 
through  October.   The  annual  evaporation  from  lakes  is  also  about  36  inches, 

The  area  receives  about  60  percent  of  the  sunshine  that  could  possibly 
occur  each  year. 


Effect  of  Weather  on  Area  Revegetation 

Most  climatic  factors  in  the  Beulah  Trench  Study  Area  appear  favorable 
for  revegetation  of  surface-mined  land.   Spring  is  the  most  favorable 
planting  time  in  this  area  since  soil  moisture  is  high  during  the 
early  part  of  the  growing  season.   The  spring  rains  usually  provide 
moisture  to  the  soil  in  excess  of  the  plant  moisture  requirement. 
With  favorable  soil  moisture  conditions,  seedlings  will  grow  rapidly  and 
become  established  before  the  available  moisture  is  depleted  in  about 
mid- July . 

Climatic  factors  that  may  adversely  affect  revegetation  efforts  in  this 
study  area  include:  (1)  below  normal  or  uneven  distribution  of  precipitation, 
especially  during  the  growing  season;  (2)  severe  thunderstorms  and/or 
strong  winds  that  result  in  surface  erosion;  (3)  late  spring  freezes; 
and  (4)  depletion  of  soil  moisture  by  wind. 


PHYSIOGRAPHY  AND  DRAINAGE 

The  Beulah  Trench  Study  Area  lies  in  the  glaciated  portion  of  the  Great 
Plains  Physiographic  Province.   The  topography  of  the  area  is  characterized 
by  rolling  hills  bordered  on  the  east  and  south  by  wide,  flat  Pleistocene 
meltwater  channels.   Photographs  2  through  A  are  typical  views  of  the  area. 

Maximum  relief  is  about  340  feet,  ranging  from  an  elevation  of  approximately 
2210  feet  on  hilltops  in  the  northwestern  portion  of  the  area  to  an 
elevation  of  about  1870  feet  in  the  meltwater  channel  that  crosses  the 
southeast  corner  of  the  study  area.   Surface  gradients  range  from  nearly 
level  in  the  meltwater  channels  to  about  12  percent  on  some  upland  sideslopes 

Drainage  of  the  study  area  is  accomplished  through  a  well  developed  dendritic 
system  that  is  tributary  to  the  meltwater  channels  which  border  the  study 
area  on  the  east  and  south.   The  southern  part  of  the  channels  drain  south- 
ward into  Spring  Creek,  which  flows  southeastward  and  joins  the  Knife  River 
about  1  mile  southwest  of  Beulah,  North  Dakota.   Drainage  from  the  extreme 
northern  end  of  the  study  area  flows  northward  through  the  northern  portion 
of  the  meltwater  channel  into  Lake  Sakakawea. 


GEOLOGY 

Regional  Geology 

The  West  Renners  Cove  Coalfield  is  located  in  the  Williston  Basin  in 
west-central  North  Dakota.   This  basin,  a  part  of  the  Great  Plains  Physio- 
graphic Province,  is  a  synclinal  structure  extending  from  South  Dakota  into 
Canada,  a  distance  of  about  500  miles. 

The  geologic  history  of  the  area  since  Precambrian  time  includes  periods  of 
deposition,  deformation,  and  erosion.   A  sequence  of  carbonates,  sandstones, 
and  shales,  mostly  of  marine  origin,  were  deposited  throughout  North  Dakota 
during  the  Paleozoic  and  Mesozoic  Eras.   These  sediments,  about  14,000  feet 
thick  in  the  deepest  part  of  the  Williston  Basin,  thin  rapidly  eastward  and 
are  not  present  in  the  southeastern  part  of  the  State.   Several  unconformities 
exist  throughout  the  Paleozoic  and  Mesozoic  sequences  in  North  Dakota,  the 
most  notable  being  the  pre-Mesozoic  erosional  surface  which  truncates  all 
Paleozoic  sediments. 

Deformation  of  the  Rocky  Mountains  to  the  west  and  associated  uplifting  of  the 
Great  Plains  area  in  North  Dakota  began  with  the  Laramide  Revolution  at  the 
close  of  Cretaceous  time.   Intermittent  uplifting  continued  through  the 
Paleocene  and  ended  in  Eocene  time.  Materials  eroded  from  the  mountains 
were  spread  in  thick  sheets  over  most  of  the  Great  Plains  by  the  middle  of 
the  Cenozoic  Period.   A  second  regional  uplift  which  occurred  during  Pliocene 
and  Pleistocene  times  elevated  sediments  to  their  present  position.   Streams 
rejuvenated  by  the  uplift  began  stripping  Tertiary  strata  from  the 
Great  Plains  and  exhuming  the  buried  mountain  masses  to  the  west. 

During  the  Pleistocene  Epoch,  several  continental  ice  sheets  invaded  most 
of  North  Dakota.   A  sequence  of  till,  outwash,  and  associated  glacial  debris 
was  deposited  during  the  advance  and  retreat  of  each  ice  sheet. 

Today,  shales,  siltstones,  and  sandstones  of  Cretaceous  and  Tertiary  age 
cover  the  western  part  of  North  Dakota.   Pleistocene  and  Holocene  glacial, 
eolian,  and  alluvial  deposits  mantle  the  bedrock  in  much  of  the  area. 
Plate  4  is  a  generalized  bedrock  geologic  map  showing  the  southern  limits 
of  glaciation. 

Area  Geology 

Investigations 

Surface  and  subsurface  investigations  were  conducted  by  the  Water  and  Power 
Resources  Service  at  the  Beulah  Trench  Study  Area  from  May  through  August 
of  1977.   These  investigations  included  mapping  the  surface  geology  and 
drilling  a  series  of  core  holes. 

Geologic  mapping  on  a  scale  of  1  to  12,000  was  done  in  the  field  on  aerial 
photographs.   The  data  was  transferred  to  a  topographic  map  of  the  same  scale 
and  is  shown  on  Plate  5.   Plate  6  is  a  stratigraphic  column  describing  lignite 
beds  shown  on  Plate  5. 


Twelve  drill  holes  (DH  77-101  through  -112)  ranging  from  90.2  to  279  feet 
in  depth  were  completed  in  the  study  area.   Continuous  cores  were  obtained 
from  all  holes  for  geologic  logging  and  selection  of  coal  and  overburden 
samples  for  laboratory  analyses.   The  locations  of  drill  holes  are  plotted 
on  the  Geologic  and  Investigations  Map,  Plate  5.   Plates  7  through  9  are 
geologic  profiles  correlating  lignite  horizons  between  drill  holes.   Detailed 
geologic  logs  are  shown  on  Plates  10  through  21,  Appendix  C. 

Drilling  was  performed  with  a  DAMCO  model  1250  rotary  drill  using  wire  line 
tools  with  an  "H"  series  core  barrel.   Except  for  drive  sampling  in  over- 
lying glacial  deposits  with  a  Bx  casing  drive  barrel,  all  drilling  was  done 
using  bottom  discharge  core  bits  set  with  tungsten  carbide  inserts. 

Water  was  used  as  drill  fluid  in  all  holes.   An  organic  polymer,  "Revert," 
was  used  in  the  drilling  fluid  in  fractured  or  jointed  rock  where  circulation 
was  lost. 

The  drill  core  was  immediately  placed  in  core  boxes  and  wrapped  with  plastic 
to  prevent  drying  until  it  could  be  logged  and  sampled. 

After  completion,  all  drill  holes  in  the  study  area  were  backfilled  with 
concrete. 

Stratigraphy 

The  oldest  rocks  exposed  in  the  study  area  are  of  Paleocene  Age.   In 
North  Dakota,  the  U.S.  Geological  Survey  has  divided  the  Paleocene  Series 
into  the  Ludlow-Cannonball ,  Tongue  River,  and  Sentinel  Butte  Members  of  the 
Fort  Union  Formation.   These  subdivisions  will  be  used  in  this  section  of 
the  report.   Only  the  Sentinel  Butte,  the  youngest  member  of  the  Fort  Union 
Formation,  is  involved  in  the  study  area.   Sandstones,  siltstones,  and  shales 
of  this  member  are  locally  mantled  by  Quaternary  glacial,  eolian,  and 
alluvial  deposits.   Photographs  2  through  4  show  the  typical  rolling  terrain 
which  has  been  altered  by  glaciation. 

Fort  Union  Formation  -  Paleocene 

C_annonb_al_l--LudljDw  Member  -  These  sediments  underlie  but  do  not  crop  out  in 
the  study  area.   The  Cannonball  is  the  youngest  known  marine  strata  in  the 
Northern  Great  Plains  region.   It  consists  of  shale  and  thin-bedded  sand- 
stone which  thins  and  interfingers  westward  with  the  continental  deposited 
Ludlow. 

TjDngu^_Rivejr_Member  -  consists  of  an  alternating  sequence  of  fluvial  deposited 
sandstone,  siltstone,  and  shale  with  associated  beds  of  lignite.   It  is 
similar  to  the  overlying  Sentinel  Butte  Member,  and  in  places,  cannot  be 
distinguished  from  it. 

^ent^ne_l  But^e_Member_  -  consists  of  an  alternating  sequence  of  sandstone, 
siltstone,  shale,  carbonaceous  shale,  and  lignite  with  thin  calcareous 
or  siliceous  cemented  concretions.   In  general,  the  sandstones  are  fine 
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Plate  6 


STRATIGRAPHIC    COLUMN-LIGNITE    BEDS 
BEULAH   TRENCH  STUDY   AREA-WEST   RENNERS  COVE   COALFIELD 

NORTH    DAKOTA 
PART    OF     SENTINEL     BUTTE     MEMBER 


B 


LIGNITE— O.I  to  2.6   ft.  thick.    Averages   1.2  ft    where  pre- 
sent.   Thickest  zones   often   split  by  rock   partings.    82  to 
139  ft.   above   bed    D. 


LIGNITE —  0.0  to   1.5  ft.  thick.    Averages   0.8  ft. 
in  some    areas.     44   to  93  ft.   above    bed  D. 


Absent 


LIGNITE— 0.0  to  4.5  ft.  thick.    Averages   1.5  ft.    Absent 
in  some    areas.    Thickest    zones  often  split  by  rock 
partings.    7  to  45  ft.   above  bed  D. 


LIGNITE  (BEULAH-ZAP  BED)— 16.3  to  23.5  ft.  thick. 
Averages  20.4  ft.  Split  in  southwestern  part  of  study 
area. 


LIGNITE — 0.7  to  1.0   ft.  thick.    Averages   0.9  ft.     32  to 
50  ft.   below  bed    D. 

LIGNITE  — 3.3  to  3.7  ft.  thick.     Averages    3.4  ft.  45  to 
60  ft.  below   bed  D. 


NOTE:    Multiply  feet  by    0.3048   to  obtain  meters. 
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grained  and  uncemented.   Shales  vary  from  soft,  plastic  clayshale  to 
moderately  indurated  claystone.   Shale  and  siltstone  zones  readily  break 
down  and  form  slopes  beneath  sandstone  ledges.   Correlation  of  clastic 
sediments  over  short  distances  is  difficult  due  to  facies  changes,  channeling 
and  variation  in  bedding  thickness.   Laboratory  analyses  conducted  on  core 
samples  from  the  Beulah  Trench  Study  Area  indicate  that  chemical  and  physical 
properties  of  the  bedrock  cannot  generally  be  projected  between  drill  holes. 
Weathered  exposures  are  generally  pale  olive  or  yellowish-gray  in  color, 
while  fresh  core  samples  vary  from  light  to  dark  gray.  Marcasite  and/or 
pyrite  nodules  are  found  along  zones  of  higher  permeability,  such  as  frac- 
tures and  bedding  planes.   The  Sentinel  Butte  Member  was  deposited  in  a 
continental  environment  which  included  swamps  conducive  to  the  production  of 
thick  lignite  beds.   Lignite  zones  serve  as  excellent  marker  beds  as  they 
can  generally  be  traced  over  wide  areas.   This  member  is  about  500  feet  thick. 

Striking  features  in  the  Sentinel  Butte  and  Tongue  River  Members  are  the 
resistant  clinker  zones,  locally  called  "scoria,"  that  cap  knobs  or  armor 
valley  walls.   The  clinker,  which  is  fused  or  baked  rock,  was  produced  by 
the  burning  of  lignite  beds  along  and  back  from  their  outcrops.   In  places 
where  the  heat  was  sufficiently  intense,  the  clinker  has  been  fused  to  a 
dark  gray,  lightweight  rock  similar  in  appearance  to  vesicular  basalt. 
Near  the  outer  edge  of  thermal  metamorphism,  the  rock  is  disoriented,  baked, 
and  red  to  orange  in  color.   Alteration  of  the  overlying  material  is  roughly 
proportional  to  the  original  thickness  of  lignite  that  has  burned.   A  lignite 
bed  20  feet  thick  will  produce  clinker  zones  40  to  60  feet  thick.   The 
clinker  is  highly  permeable  and  locally  supplies  water  for  springs  and  wells. 

Clinker  in  the  Beulah  Trench  Study  Area  was  produced  by  burning  the 
Beulah-Zap  lignite  bed.   Outcrops  occur  along  valley  walls  in  the  southern 
and  northeastern  parts  of  the  study  area.   These  are  shown  on  the  Geologic 
Investigations  Map,  Plate  5.   Some  of  the  Beulah-Zap  lignite  probably  remains 
beneath  the  clinker  because  subsurface  explorations  and  surface  mining  in 
other  areas  indicate  that  lower  sections  of  thick  coalbeds  are  not  always 
burned  beneath  clinkered  areas.   An  extensive  drilling  program  would  be 
required  to  determine  the  amount  of  coal  which  underlies  the  thermally 
altered  rock.   For  the  purpose  of  this  report,  it  is  assumed  (1)  that  all 
lignite  has  burned  beneath  clinkered  areas  and  (2)  that  the  contact  between 
baked  and  unbaked  rock  is  vertical. 

Golden  Valley  Formation  -  Eocene  -  consists  of  about  200  feet  of  alternating 
shales,  siltstones,  and  crossbedded  sandstones.   These  sediments,  which 
overlie  the  Sentinel  Butte  Member,  have  been  eroded  from  the  study  area. 

Arikaree  Formation  -  Miocene  -  consists  of  about  400  feet  of  lacustrine 
limestone  interf ingering  with  crossbedded  sandstone. 

Channel  Deposits  -  Pleistocene  -  consists  of  sand  and  gravel  of  an  undetermined 
thickness  that  underlies  alluvial  deposits  in  the  valley  floors  along  the 
eastern  and  southern  edges  of  the  study  area.   The  approximate  western  and 
northern  boundaries  of  the  buried  channels  are  shown  on  the  Geologic 
Investigations  Map,  Plate  5. 
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Glacial  Till  -  Pleistocene  -  consists  of  a  heterogeneous  mixture  of  clay, 
silt,  sand,  gravel,  cobbles,  and  boulders  deposited  by  one  or  more  conti- 
nental glaciers.   It  occurs  as  a  thin  veneer  or  remnant  patches  on  the 
bedrock  surface. 

Alluvium  -  Holocene  -  consists  of  unconsolidated  clay,  silt,  sand,  and 
gravel  that  covers  valley  floors. 

Lignite  Beds 

Six  persistent  lignite  and/or  lignitic  shale  beds,  A  through  F,  were 
penetrated  by  drilling  in  the  Beulah  Trench  Study  Area.   Brief  descriptions 
of  these  beds  are  found  on  the  generalized  stratigraphic  column,  Plate  6. 

Probably  only  one  bed  is  of  economic  significance  in  the  study  area.   It, 
the  D  or  Beulah-Zap  Coalbed,  is  shown  on  the  Geologic  Investigations  Map, 
Plate  5,  as  it  either  crops  out  or  would  crop  out  if  projected  to  the  ground 
surface.   It  ranges  from  16.3  to  23.5  feet  thick  and  averages  20.4  feet. 
Overburden  and  coal  above  the  Beulah-Zap  Coalbed  range  from  10  feet  or  less 
to  over  200  feet  in  the  study  area.   Depth  to  the  Beulah-Zap  Coalbed  is 
shown  on  the  Overburden  Thickness  Map,  Plate  22. 

Structure 

The  study  area  is  located  in  the  Williston  Basin.   Sediments  are  essentially 
flat  lying.   Structure  contours  drawn  on  top  of  the  Beulah-Zap  Coalbed, 
Plate  22,  indicate  that  a  north-south  synclinal  trough  trends  across  the  area. 
The  feature  may  be  the  result  of  differential  compaction  and  may  not  be 
expressed  at  depth. 

Small  local  faults  exist  throughout  the  area  as  indicated  by  the  slickensides 
exhibited  in  drill  core  samples.   These  are  generally  restricted  to  weak, 
plastic,  carbonaceous  shales  immediately  above  or  below  lignite  beds. 
Displacement  along  these  fractures  could  not  be  determined  but  probably  do 
not  exceed  5  feet. 

Paleontology 

Geologic  investigations  did  not  reveal  any  significant  or  unusual  paleon- 
tological  sites  in  the  study  area.   Fossils  in  the  Sentinel  Butte  Member 
are  generally  obscured  by  the  mantle  of  glacial,  eolian,  or  alluvial  soils. 
Fossils  found  in  drill  core  samples  included  calcareous  shells  and  carbona- 
ceous tree  fragments.   None  of  these  were  collected  for  identification. 

Mineral  Resources 

Natural  gas  and  oil  are  the  only  minerals,  other  than  coal,  that  may  be 
present  in  the  study  area.   Exploration  holes  have  been  drilled  in  the  region 
in  the  past,  and  extensive  new  investigation  in  the  Williston  Basin  to  the 
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west  of  the  study  area  may  extend  into  it  and  lead  to  new  discoveries.  At 
the  present  time,  however,  no  producing  wells  are  located  within  the  study 
area  boundaries. 

Engineering  Geology 

Stability  of  Excavation  Slopes 

Engineering  property  tests  were  not  conducted  on  bedrock  samples  from  the 
Beulah  Trench  Study  Area.   The  Beulah  Trench  rock  is  somewhat  softer  and 
contains  more  shale,  but  physical  property  tests  results  for  it  should  be 
similar  to  those  of  the  Fort  Union  Formation  at  the  Otter  Creek  Study  Site, 
Montana  (EMRIA  Report  No.  1). 

Much  of  the  bedrock  at  the  Beulah  Trench  Study  Area  consists  of  bentonitic 
shales  which  are  susceptible  to  minor  shrinking  and  swelling.   Shear  strengths 
of  the  material  are  low,  especially  in  a  saturated  condition.   Slides  could 
easily  develop  adjacent  to  high  walls  in  surface  mines,  especially  along 
beds  of  weak,  plastic,  carbonaceous  shales  which  are  typically  cut  by  inherent 
slickensides .   Adequate  drainage  should  be  maintained  to  relieve  pore  water 
pressure  in  the  overburden  as  mine  excavations  progress. 

Saturated  alluvial  deposits  and  uncemented  siltstones  and  fine-grained 
sandstones  will  readily  erode  and  flow  into  excavations.   This  problem  is 
sometimes  encountered  in  drilling  when  the  walls  of  holes  collapse  and 
slough.   Depth  of  excavation  below  the  water  table  will  be  limited  until 
these  materials  are  dewatered. 

Excavation  slopes  will  vary  considerably  between  mine  sites  and  will  be 
dependent  on  exposure  time,  moisture  conditions,  material  types,  and  depth 
of  cut.   Detailed  engineering  studies  of  the  overburden  will  be  required 
at  each  location  for  use  in  determination  of  designed  slopes. 

Studies  conducted  at  the  Otter  Creek  Site  indicate  that  disturbed  overburden 
(spoil  banks  and  piles)  should  have  slopes  not  greater  than  4  to  1  with 
berms  of  50  to  100  feet  in  width  designed  on  the  slope  surface. 

Stability  of  the  Present  Landscape 

In  its  present  undisturbed  state,  the  Beulah  Trench  Study  Area  experiences 
no  problems  with  land  stability.   Landslides  do  not  occur  because  of  the 
gentle  slopes.   Likewise,  subsidence  is  not  a  problem  because  mines  are 
not  present,  readily  soluble  bedrock  does  not  underlie  the  area,  and  no 
large  withdrawals  of  ground  water  have  occurred. 

Overburden  Expansion 

Overburden  volumes  expand  as  the  materials  are  broken  up  during  mining  and 
void  spaces  increased.   The  increase  in  volume  (bulking)  differs  for  various 
types  of  soil  and  rock.   Soft  sandstones  and  shales  in  the  Wasatch  and 
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Fort  Union  Formations  will  probably  expand  about  25  percent.   In  some  cases, 
the  surface  of  the  replaced  overburden  will  be  higher  after  than  before  mining, 

The  table  below  shows  the  anticipated  change  in  topography  that  will  occur 
in  the  study  area  at  selected  drill  holes  if  all  coalbeds  2  feet  or  greater 
in  thickness  are  surface  mined.   This  assumes  that  (1)  stripping  will  occur 
to  depths  of  267  feet,  (2)  100  percent  of  the  coal  in  the  mined  beds  is 
removed,  (3)  overburden  is  replaced  on  a  cut-by-cut  basis  (A)  spoils  are 
smoothly  graded  and,  (5)  overburden  expands  25  percent. 


Depth  of 

Thickness  of 

Drill  Hole 

cut 

(1) 

coal  removed  (2) 

77-101 

150 

ft.+ 

22  ft.+ 

77-102 

159 

20 

77-103 

267 

22 

77-104 

75 

20 

77-105 

247 

23 

77-106 

165 

23 

77-107 

206 

17 

77-108 

156 

16 

77-109 

130 

21 

77-110 

99 

18 

77-111 

159 

24 

77-112 

190 

21 

Thickness  of 
replaced  overburden  (3) 


160 
174 
306 
69 
280 
178 
236 
175 
136 
101 
169 
211 


ft.+ 


Difference  in 
elevation 


+10 

+15 

+39 

-6 

+33 

+13 

+30 

+  19 

+6 

+2 

+10 

+21 


ft.+ 


(1)  Base  of  Beulah-Zap  Coalbed 

(2)  Includes  100  percent  of  all  coalbeds  2  or  more  feet  thick. 

(3)  Overburden  x  1.25  (bulking  factor)  =  Replaced  Overburden. 

Instability  of  the  Postmining  Landscape- 
Three  types  of  instability  are  common  on  reclaimed  coal  mined  areas  in  the 
Northern  Great  Plains.   They  are:   (1)  area-wide  settling;  (2)  localized 
collapse;  and  (3)  piping.   Each  type  of  instability  is  affected  by  variables 
in  the  postmining  landscape.   These  include  the  physical  and  chemical 
characteristics  of  the  overburden,  methods  and  equipment  used  in  stripping 
and  contouring  operations,  and  the  season  when  these  activities  occur. 

Area-wide  settling  is  common  in  most  postmining  landscapes,  but  appears  to 
cause  only  minimal  disruption.   This  settlement  will  generally  be  most  pro- 
nounced during  the  first  year  and  will  continue  at  a  decreasing  rate  with 
the  progression  of  time. 

The  texture  of  the  overburden  will  have  a  marked  influence  on  settlement. 
Fine- textured  (clayey)  overburden  usually  results  in  more  blocky  and, 
initially,  more  porous  spoils  than  does  coarse-textured  (sandy)  overburden. 
Therefore,  a  lesser  degree  of  settlement  is  expected  in  areas  of  largely 
sandy  spoils  than  in  areas  of  clayey  spoils. 


1/   Groenwold,  G.H.,  and  Rehm,  B.W, 


1980, 
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Equipment  is  also  a  critical  factor.   Settlement  is  significantly  less  in 
scraper-contoured  areas  than  in  dozer-contoured  areas,  especially  if 
contouring  is  conducted  in  mid-winter.   This  is  because  a  greater  degree 
of  compaction  is  achieved  in  scraper-contouring  operations  than  in  dozer- 
contouring  operations. 

Local  collapse  features  develop  soon  after  contouring  and  usually  complete 
development  within  a  year.   They  commonly  occur  in  precontouring  valley  areas 
where  frozen  spoil  blocks  are  concentrated  by  final,  mid-winter  dozer 
contouring.   Thawing  of  these  blocks  results  in  local  surface  subsidence. 
In  contrast,  areas  contoured  in  mid-winter  with  a  scraper  are  stable  because 
large  blocks  of  frozen  spoil  are  broken  apart,  spread,  and  compacted.   This 
type  of  landscape  instability  is,  therefore,  largely  equipment  and  seasonally 
controlled. 

Piping  appears  to  be  a  severe  and  long-term  problem  in  some  postmining 
landscapes.   Development  usually  begins  soon  after  contouring  and  may 
continue  for  several  years.   In  some  postmining  landscapes,  piping  has  only 
started  to  develop  after  as  much  as  5  years  of  apparent  stability.   It  is 
controlled  by  a  combination  of  physical  and  chemical  conditions  in  the  spoil. 

A  key  factor  in  the  development  of  piping  features  is  the  cracking  of  spoils 
in  areas  containing  highly  dispersive  sodic  material.   These  cracks  allow 
access  for  large  volumes  of  surface  runoff  to  flow  into  the  subsurface. 
Piping  generally  develops  on  nearly  flat  slopes  where  surface  runoff  is 
minimal  and  infiltration  is  maximized. 

Piping,  like  the  other  instability  problems,  most  commonly  develops  in  areas 
contoured  by  dozers.   Scraper-contoured  areas  generally  are  better  compacted, 
thus  providing  fewer  subsurface  avenues  for  infiltration  of  surface  water. 

Weathering  Tests 

Weathering  tests  were  conducted  on  core  samples  from  the  Beulah  Trench  Study 
Area  to  determine  which  materials  would  break  down  sufficiently  to  allow 
for  their  use  as  topsoil  in  revegetation  of  surface-mined  areas.   Samples 
were  selected  for  (1)  freeze-thaw,  (2)  wet-dry,  and  (3)  outdoor  testing. 
The  criteria  developed  for  the  testing  is  described  as  follows: 

Freeze-Thaw  Cycle 

1.  8  hours  at  75°F.  (23.9°C),  100  percent  relative  humidity 
(wet ting/ thawing) . 

2.  16  hours  (64  hours  on  weekends)  at  0  F.  (-17.8°C.)  (freezing). 
Wet-Dry  Cycle 

1.  8  hours  at  75  F.  (23.9  C),  100  percent  relative  humidity  (wetting). 

2.  16  hours  (64  hours  on  weekends)  at  100°F.  (37.8  C),  10  percent 
relative  humidity  (drying) . 
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Outdoor 

The  outdoor  exposure  test  included  subjecting  the  specimens  to  several 
snowstorms  and  a  series  of  freeze- thaw  cycles. 

Test  results  showed  that  the  freeze-thaw  condition  was  more  severe  than 
the  wet-dry  because  it  caused  more  rapid  breakdown  of  most  core  samples. 
Generally,  shale  samples  tended  to  swell  and  disintegrate  under  saturated 
conditions,  but  the  material  produced  may  be  difficult  to  place  and 
handle  because  of  its  plasticity.   Sandstone  and  siltstone  samples  were 
more  resistant  to  weathering  than  either  shales  or  silty  shales  (see  Table  6 
and  Photographs  5  through  14)  . 

Material  Sources 

Earth  materials  suitable  for  most  construction  can  be  found  within  the 
Beulah  Trench  Study  Area.   Material  types  and  the  local  sources  are  noted 
below: 

Impervious  -  clayey  or  silty  material  that  can  be  used  for  construction  of 
embankments  or  as  canal  lining.   It  can  be  obtained  from  the  glacial  till 
that  covers  part  of  the  uplands  or  from  local  zones  within  the  alluvium 
of  the  valley  floors. 

Pervious  -  clean  sand  or  gravel  suitable  for  use  as  filters  or  other  types 
of  structures  where  free  drainage  is  required.   It  can  probably  be  found  in 
the  Pleistocene  channel  fill  of  the  valleys  along  the  southern  and  eastern 
edges  of  the  study  area. 

Concrete  Aggregate  -  clean  sand  and  gravel  similar  to  the  pervious  material 
noted  previously.   It  may  also  be  found  in  local  deposits  within  the 
bordering  channel  fills,  but  the  nearest  aggregate  sources  that  have  been 
approved  by  the  Water  and  Power  Resources  Service  are  near  the  Missouri  River 
approximately  20-35  miles  southeast  of  the  study  area. 

Clinker  (Scoria)  -  thermally  altered  rock  formed  by  heat  from  the  burning 
of  coalbeds.   It  is  usually  reddish  in  color,  reasonably  hard  and  brittle. 
It  crushes  easily  and  is  commonly  used  for  road  fill  and  surfacing.   It  can 
be  found  in  several  places  within  the  study  area  where  the  Beulah-Zap 
Coalbed  has  burned  along  its  outcrop. 

Riprap  -  durable,  reasonably  well  graded  mixture  of  rock  fragments  generally 
ranging  from  about  6  inches  to  2  or  3  feet  in  diameter  used  for  surface 
protection  from  running  water.   Ideally,  individual  fragments  should  be 
angular  to  remain  stable  on  steep  slopes.  High  quality  riprap  material  is 
not  available  in  the  Beulah  Trench  Study  Area.   The  bedrock  is  too  soft,  and 
although  there  are  scattered  glacial  boulders  in  the  area,  gathering  them 
would  be  very  expensive  and  they  are  too  rounded  to  remain  stable  on 
anything  but  gentle  slopes.   Probably  the  closest  sources  of  suitable  rock 
are  the  Black  Hills  of  South  Dakota  or  the  granitic  basement  rocks  of 
extreme  eastern  North  Dakota. 
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WEATHERING  TESTS 
Overburden  Samples  From  Beulah  Trench,  North  Dakota 

Sample  I.D.  Remarks 

Shale  See  Photographs  5  and  9 

DH  77-101 

Depth  (ft)  61.0-62.0  Laboratory  weathering:  Slaking  at  10 

(BT-1)*  cycles;  continued  slaking  at  20  cycles. 

%BD  =  23 

Outdoor:  Cracking  and  slaking  at  1  year 

%BD  =  31 

Shale  See  Photographs  5  and  9 

DH  77-101 

Depth  (ft)  85.5-86.5  Laboratory  weathering:  Slight  slaking 

(BT-2)  and  peeling  at  20  cycles. 

%BD  =  5 

Outdoor:  Severe  cracking  and  slaking 

at  1  year. 

%BD  =  100 

Shale  See  Photographs  6   and  9 

DH     77-102 

Depth  (ft)  88.5-89.7  Laboratory  weathering:  Slight  surface 

(BT-3)  slaking  and  cleavage  at  10  cycles; 

continued  slaking  at  20  cycles. 

%BD  =  40 

Outdoor:  Severe  slaking  at  1  year 

%BD  =  40 

Sandstone  See  Photographs  6  and  9 

DH  77-103 

Depth  (ft)  66.2-67.2  Laboratory  weathering:  No  change  at 

(BT-4)  20  cycles. 

%BD  =  0 

Outdoor:  Some  swelling  at  1  year 

%BD  =21 


*     Laboratory  Sample  No 
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Sample  I.D. 


Remarks 


Shale 

DH     77-103 

Depth   (ft)  167.0-168.0 

(BT-5) 


See  Photographs  6   and   10 

Laboratory  weathering:     Del  ami  nation  at 

10  cycles;  some  slaking  at  20  cycles. 

&BD  =  21 

Outdoor:     Cracking  and  delamination  at 

1  year. 

%BD  =  15 


Sandstone 

DH     77-105 

Depth   (ft)  80.6-81.6 

(BT-6) 


Sample  not  tested.     It  was  already 
broken  down  when  received. 
%BD  =  100 


Silt 

DH     77-105 

Depth   (ft)   128.0-129.0 

(BT-7) 


Sample  not  tested.     It  was  already 
broken  down  when  received. 
%BD  =  100 


Shale 

DH     77-105 

Depth   (ft)  214.0-215.0 

(BT-8) 


See  Photographs   7   and    10 

Laboratory  weathering:     Slight  surface 

slaking,   peeling,  and  cracking  at 

20  cycles. 

?oBD  =  2 

Outdoor:  Some  slaking  at  1  year. 

%BD  =  36 


Clay 

DH     77-106 

Depth   (ft)  46.0-46.9 

(BT-9) 


See  Photographs   8  and   10 

Laboratory  weathering:     ^Jery  slight 

slaking  at  20  cycles. 

%BD  =  2 

Outdoor:     ^ery  little  change  at  1   year 

%BD  =  6 


Shale 

DH     77-106 

Depth   (ft)  116.0-117.0 

(BT-10) 


See  Photographs   8  and   10 

Laboratory  weathering:     Slight  surface 

slaking,   peeling,  and  cracking  at 

20  cycles. 

%BD  =  4 

Outdoor:  Cracking  and  slaking  at  1  year, 

%BD  =  56 
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Sample  I.D. 

Composite  sample 
DH     77-106 
Depth   (ft)  0-183 
(BT-11) 


Remarks 
See  Photographs    11    through  14 

Laboratory  weathering:     Some  cracking  and 
slaking  of  core  specimens  at  20  cycles. 
Outdoor:  Considerable  breakdown  of  core 
specimens  at  1   year. 


Photograph  5 


CH  1253   72NA 


a.     Original   condition  of  test  specimens 


BT-1A 


b.  Condition  of  test  specimens  after  weathering 


Photo  5  -  Results  of  weathering  tests  for  shale  samples  BT-1  and 
BT-2.  Specimens  A  subjected  to  20  laboratory  weathering  cycles; 
specimens  B  subjected  to  15  weeks  of  outdoor  exposure. 


Photograph   6 


>^ 


CH  1253  73NA 


a.  Original  condition  of  test  specimens. 


BT-3B 


b.     Condition  of  test  specimens  after  weathering. 

s^ohn0et0sa6mpieRBTUltS   wT^T9  l^   f°r  Shale  Sam?1e  BT'3  «d   sand- 
s.one  sample .BT-4.     Specimens  A  subjected  to  20  laboratory  weatherinq 

cycles;   spedmens   B  subjected   to   15  weeks  of  outdoor  exposure  9 


Photograph  7 


CH  1253  74NA 


BT-m 


a.  Original  condition  of  test  specimens 


b.  Condition  of  test  specimens  after  weathering. 


Photo  7  -  Results  of  weathering  tests  for  shale  samples  BT-5  and 
BT-8.  Specimens  A  subjected  to  20  laboratory  weathering  cycles; 
specimens  B  subjected  to  15  weeks  of  outdoor  exposure. 


BT-9B 


Photograph  8 


CH  1253   75NA 


BT-10A 


a.  Original  condition  of  test  specimens 


i 


b.  Condition  of  test  specimens  after  weathering. 

Photo  8  -  Results  of  weathering  tests  for  clay  sample  BT-9  and  shale 
sample  BT-10.  Specimens  A  subjected  to  20  laboratory  weathering 
cycles;  specimens  B  subjected  to  15  weeks  of  outdoor  exposure. 


Photograph  9 


Photo  9  —Results  of  one-year  outdoor  exposure  tests  for  specimens 
BT-1B  through  BT-4B. 


Photograph  10 


Photo  10   -  Results  of  one-year  outdoor  exposure  tests  for  specimens 
BT-5B,  BT-8B,  BT-9B,  and  BT-10B. 


I 
I 
I 
I 
I 
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Photograph  11 


Photo  11  -  Original  condition  of  composite  sample  BT-11A. 


Photograph  12 


Photo  12  -Condition  of  composite  sample  BT-11A  after  20  laboratory 
weathering  cycles. 


Photograph  13 


Photo   13     -  Original    condition  of  composite   sample  BT-11B 


Photograph  14 


Photo  14    -  Condition  of  composite  sample  BT-11B  after  one  year 
of  outdoor  weathering. 


Seismic 

The  Beulah  Trench  Study  Area  lies  within  a  relatively  stable  part  of 
North  America.   All  of  North  Dakota  is  within  Zone  1  of  the  Algermisson 
Seismic  Risk  Map.   In  this  zone,  distant  earthquakes  can  cause  minor  damage 
to  structures  with  fundamental  periods  greater  than  1.0  second  (Corresponds 
to  intensities  V  and  VI  of  the  Modified  Mercalli  Intensity  Scale  of  1931) . 

No  earthquakes  of  intensity  V  or  above  (Modified  Mercalli)  have  occurred 
within  North  Dakota  during  historical  times.   Earthquakes  centered  in 
Iowa,  Minnesota,  Montana,  Nebraska,  and  a  few  Canadian  shocks  have  been 
felt  in  the  State.   A  list  of  earthquakes  that  have  been  felt  in 
North  Dakota  follows,  but  much  of  the  information  on  exact  location  and 
intensity  is  unknown. 


Date 


Intensity 
(Modified  Mercalli) 


Distance  From 
Beulah  Trench 


Located  Near 


Oct.  9,  1872 

Unknown 

420  miles 

Sioux  City,  IA 

Nov.  15,  1877 

Unknown 

Unknown 

IA  or  NE 

May  15,  1909 

Unknown 

Unknown 

SK,  Canada 

Oct.  26,  1946 

IV 

105  miles 

Williston,  ND 

Aug.  17,  1959 

IX 

480  miles 

Hebgen  Lake,  MT 

July  8,  1968 

IV 

75  miles 

Huff,  ND 

July  9,  1975 

Unknown 

235  miles 

Morris,  MN 
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COAL  RESOURCES  - 

Estimation  and  Classification  of  Coal  Resources 

Coal  resource  estimates  have  been  prepared  for  the  Fort  Union  lignite 
within  the  Beulah  Trench  Study  Area  using  standard  procedures,  definitions, 
and  criteria  established  by  the  U.S.  Geological  Survey  and  U.S.  Bureau  of 
Mines  for  making  coal  resource  appraisals  in  the  United  States.   The  term 
"coal  resources"  as  used  in  this  report  means  the  estimated  quantity  of 
coal  in  the  ground  in  such  form  that  economic  extraction  is  currently  or 
potentially  feasible. 

Tabulation  of  Estimated  Coal  Resources 

Tables  10  and  11  summarize  the  estimated  coal  resources  of  the  Beulah  Trench 
Study  Area.   The  resources  in  the  study  site  are  classed  as  measured, 
indicated,  and  inferred  according  to  the  degree  of  geologic  assurance  of 
the  estimate: 

Measured 

Resources  are  computed  from  dimensions  revealed  in  outcrops,  trenches,  mine 
workings,  and  drill  holes.   The  points  of  observation  and  measurement  are 
so  closely  spaced  and  the  thickness  and  extent  of  coals  are  so  well  defined 
that  the  tonnage  is  judged  to  be  accurate  within  20  percent  of  true  tonnage. 
Although  the  spacing  of  the  points  of  observation  necessary  to  demonstrate 
continuity  of  the  coal  differs  from  region-to-region  according  to  the 
character  of  the  coalbeds,  the  points  of  observation  are  no  greater  than 
1/2  mile  (0.8  km)  apart.   Measured  coal  is  projected  to  extend  as  a  1/4  mile 
(0.4  km)  wide  belt  from  the  outcrop  or  points  of  observation  or  measurement. 

Indicated 

Resources  are  computed  partly  from  specific  measurements  and  partly  from 
projections  of  visible  data  for  a  reasonable  distance  on  the  basis  of  geologic 
evidence.   The  points  of  observation  are  1/2  (0.8  km)  to  1-1/2  miles  (2.4  km) 
apart.   Indicated  coal  is  projected  to  extend  as  a  1/2  mile  (0.8  km)  wide 
belt  that  lies  more  than  1/4  miles  (0.4  km)  from  the  outcrop  or  points  of 
observation  or  measurement. 

Inferred 

Quantitative  estimates  are  based  largely  on  broad  knowledge  of  the  geologic 
character  of  the  bed  or  region,  because  few  measurements  of  bed  thickness 
are  available.   The  estimates  are  based  primarily  on  an  assumed  continuation 
from  measured  and  indicated  coal  for  which  geologic  evidence  exists.   The 
points  of  observation  are  1-1/2  (2.4  km)  to  6  miles  (9.6  km)  apart.   Inferred 
coal  is  projected  to  extend  as  a  2-1/4  mile  (3.6  km)  wide  belt  that  lies 
more  than  3/4  mile  (1.2  km)  from  the  outcrop  or  points  of  observation  or 
measurement . 


JV  The  following  supplements  are  included  for  reference  in  Appendix  D: 

(1)  a  general  discussion  of  coal  type,  rank,  etc.;  and  (2)  a  technical 
paper  describing  chemical  analyses  of  lignite  from  the  Sentinel  Butte 
Member  of  the  Fort  Union  Formation,  Beulah  Trench  Study  Area. 
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Table  11 


Summary  of  estimated  identified  coal  resources  of  Beulah 

Trench  Study  Area 

[In  thousands  of  tons] 


Overburden  thickness  (feet) 

0-200    200-300  >300     Total 

Coal  beds  2^-5  feet 
thick 

Measured  resources  1,944  39  1,983 

Indicated  resources  3,565   •  490  4,055 

Inferred  resources  2,800        2,800 

Total  8,309  529  8,838 

Coal  beds  5-10  feet 
thick 

Measured  resources  6,720  200  6,920 

Indicated  resources  17,328  320  17,648 

Inferred  resources       


Total 

24,048 

520 



24,568 

Coal  beds  >10 

feet  thick 

Measured  resources 

16,900 

5,100 



22,000 

Indicated  resources 

42,800 

9,761 



52,561 

Inferred  resources 

1,950 





1,950 

Total 

61,650 

14,861 



76,511 

Total  identified 

resources 

94,007  • 

15,910 

109,917 

All  of  the  estimated  resources  in  beds  thicker  than  5  feet  (1.5  m)  and  at 
depths  of  1000  feet  (305  m)  or  less  fall  into  a  category  called  reserve 
base,  which  is  defined  as  that  portion  of  the  identified  coal  resource  from 
which  reserves  are  calculated.   Reserves  are  that  portion  of  the  identified 
coal  resource  that  can  be  economically  mined  at  the  time  of  determination. 
The  reserve  is  derived  by  applying  a  recovery  factor  to  that  component  of 
the  identified  coal  resource  designated  as  the  reserve  base.   On  a  national 
basis  the  estimated  recovery  factor  for  the  total  reserve  base  is  50  percent. 
More  precise  recovery  factors  can  be  computed  by  determining  the  total  coal 
recoverable  in  any  specific  locale. 

Characteristics  Used  in  Resource  Evaluation 

The  coal  characteristics  that  are  commonly  used  in  classifying  coal 
resources  are  the  rank,  grade,  and  weight  of  the  coal;  the  thickness  of 
the  coalbeds;  and  the  thickness  of  the  overburden.   Rank  and  grade  are 
described  in  more  detail  in  Appendix  D. 

Weight 

The  weight  of  the  coal  ranges  considerably  with  differences  in  rank  and  ash 
content.  In  areas  such  as  Beulah  Trench,  where  true  specific  gravities  of 
the  coal  have  not  been  determined,  an  average  specific  gravity  value  based 
on  many  determinations  in  other  areas  is  used  to  express  the  weight  of  the 
coal  for  resource  calculations.  The  average  weight  of  lignite  is  taken  as 
1,750  tons  per  acre-foot  —  a  specific  gravity  of  1.29. 

Thickness  of  Beds 

Because  of  the  important  relationship  of  coalbed  thickness  to  utilization 
potential,  most  coal  resource  estimates  prepared  by  the  U.S.  Geological 
Survey  are  tabulated  according  to  three  thickness  categories .   Thickness 
categories  for  lignite  are  thin  —  2.5  to  5  feet  (0.75  to  1.5  m);  inter- 
mediate —  5  to  10  feet  (1.5  to  3  m) ;  and  thick  —  more  than  10  feet  (3  m) . 
About  6  percent  of  the  estimated  resources  of  the  study  area  is  in  the  thin 
category,  about  9  percent  is  in  the  intermediate  category,  and  about 
85  percent  is  in  the  thick  category. 

Thickness  of  Overburden 

All  of  the  estimated  coal  resources  in  the  Beulah  Trench  Study  Area  are 
overlain  by  less  than  300  feet  (90  m)  of  overburden. 

Summary  of  Resources 

Total  estimated  identified  original  resources  in  the  Beulah  Trench  Study  Area 
are  109,917,000  tons.   The  coalbed  thickness  class  of  2.5-5  feet  contains 
8,838,000  tons.   The  coalbed  thickness  class  of  5-10  feet  contains 
24,568,000  tons  and  the  coalbed  thickness  class  of  greater  than  10  feet 
contains  76,511,000  tons  of  the  estimated  resources. 

The  estimated  resources  presented  in  this  report  are  original  resources; 
that  is,  resources  in  the  ground  before  the  beginning  of  mining  operations. 
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OVERBURDEN  -  SOIL  AND  BEDROCK 

Principal  Soil  Bodies 

Soils  of  the  Beulah  Trench  Study  Area  can  be  grouped  into  three  major 
categories  based  on  their  parent  material,  mode  of  development,  and  land 
form  position.   They  are:  (1)  residual  soils  developed  over  soft  sand- 
stone, siltstone,  or  shale  which  occur  on  gentle  to  steeply  sloping 
uplands,  (2)  glacial  soils  occurring  in  uplands  on  morainal  ridges  and 
rounded  gently  sloping  hills,  and  (3)  alluvial  and  colluvial  soils  located 
along  intermittent  streams  and  on  lower  footslopes  and  fans  at  major 
changes  in  surface  gradient.   Most  soils  in  this  study  area  show  surface 
layers  relatively  high  in  organic  matter  content,  owing  to  their  development 
under  a  cool  mid-grass  type  vegetation. 

Residual  Soils 

Residual  soils  occupy  about  58  percent  of  the  study  area.   They  have 
developed  from  weathered  sandstone,  siltstone,  and  shale  of  the  Fort  Union 
Formation  (Sentinel  Butte  Member).   Slopes  are  variable  on  tracts  occupied 
by  these  soils,  ranging  from  3  to  35  percent.   Depth  of  the  solum  (A  and  B 
horizons)  is  largely  slope-dependent,  with  shallow  soils  occupying  steeper 
slopes  near  the  origin  of  branching  natural  drains  and  deeper  soils  occurring 
on  gentle  sideslopes  and  ridges.   The  shallow  soils  are  generally  4  to 
18  inches  in  depth;  the  deeper  soils  often  exceed  40  inches  in  depth. 

The  surface  layer  of  the  residual  soils  is  typically  friable,  grayish  brown 
to  dark  grayish  brown,  and  noncalcareous.   Textures  range  from  sandy  loam 
to  clay  loam.   The  surface  layer  is  underlain  by  a  light  brownish  gray  to 
yellowish  brown,  calcareous,  clay  loam  subsoil.   Water  readily  infiltrates 
these  soils  and  percolates  freely  through  the  surface  horizon.   However, 
downward  movement  of  moisture  is  generally  restricted  in  the  finer-textured 
subsurface  horizons.   Penetration  of  roots  may  be  retarded  where  the  soil 
mantle  is  thin. 

In  this  study  area,  a  few  localized  tracts  of  residual  soil  have  developed 
over  baked  rock  ("clinker").   Generally,  these  tracts  are  less  than  4  acres 
in  size.   The  thermally  altered  bedrock  extends  to  the  unaltered  sedimentary 
strata  that  underlie  the  burned  out  coal  layer.   The  soils  occurring  on 
these  tracts  are  typically  friable,  nonsaline,  nonsodic,  permeable,  and 
retain  about  1.5  inches  of  plant-available  moisture  per  foot.   The  clinker 
has  imparted  a  distinct  reddish  brown  color  to  these  soils.   Due  to  its 
highly  fractured  state,  the  baked  rock  is  very  porous.   Therefore,  the 
residual  soils  developing  over  this  baked  material  may  be  excessively 
drained. 

At  present,  small  grains  are  being  produced  on  the  deeper  residual  soils 
occupying  gentle  sideslopes.   The  shallow  soils  on  steeper  grades  are  being 
used  primarily  for  range. 
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The  Point  Site  soil  profiles  in  Tables  19,  20,  and  21,  Appendix  E, 
describe  the  residual  soils  occurring  in  this  study  area.   The  profile 
described  in  Table  22,  Appendix  E,  is  typical  of  the  local  residual  soils 
developing  over  baked  rock. 

Glacial  Soils 

Soils  formed  in  glacial  parent  material  (till)  occupy  nearly  33  percent  of 
the  study  area.  Morainal  ridges  in  the  area  are  composed  of  a  relatively 
thin,  discontinuous  glacial  mantle.  Moderate  amounts  of  gravel,  cobble, 
and  boulders  are  common  on  the  surface.  The  glacial  mantle  extends  outward 
from  the  ridges  and  blends  into  lower  lying  residual  soils.  The  depth  of 
the  solum  and  the  glacial  parent  material  ranges  from  less  than  48  inches 
to  nearly  10  feet.  Slopes  range  from  3  to  15  percent.  Soils  are  shallow 
on  steeper  slopes  where  till  material  is  thin,  whereas  deeper  soils  exist 
on  gently  sloping  tracts  where  the  glacial  mantle  is  relatively  deep. 

The  surface  layer  of  the  glacial  soils  is  typically  a  dark  grayish  brown 
loam  4  to  18  inches  thick.   The  subsurface  layer  is  commonly  a  grayish  brown 
clay  loam  18  to  48  inches  in  thickness.   The  soil  profile  is  permeable  to 
this  depth.   It  is  also  noncalcareous  and  retains  about  2  inches  of  available 
moisture  per  foot.   The  subsoil  consists  of  light  brownish  gray  or  light 
yellowish  brown  clay  loam  till  material  that  extends  down  to  the  bedrock 
strata  of  the  Fort  Union  Formation.   This  fine-textured,  calcareous  material 
has  slow  to  moderate  permeability. 

Glacial  soils  on  the  rocky  morainal  ridges  are  presently  used  for  range, 
while  those  on  the  more  gentle  slopes  are  being  dry-farmed  for  small  grains. 

The  Point  Site  soil  profiles  in  Tables  23  and  24,  Appendix  E,  typify  the 
glacial  soils  occurring  in  this  study  area. 

Alluvial  and  Colluvial  Soils 

Alluvial  and  colluvial  soils  occupy  about  9  percent  of  the  study  area. 
These  soils  are  quite  similar  in  appearance  since  they  both  consist  of 
local  material  transported  short  distances  by  water.   They  occur  in  the 
uplands,  on  lower  footslopes  and  fans,  and  along  intermittent  drainages. 
They  represent  an  important  source  of  topsoiling  material  due  to  their 
depth  and  quality.   Depth  of  the  soil  ranges  from  3  to  10  feet. 

The  surface  layer  of  the  colluvial  soils  is  typically  a  dark  grayish  brown, 
friable  loam.   This  layer  is  nonsaline,  nonsodic,  permeable,  and  retains 
about  2  inches  per  foot  of  available  moisture.   The  subsurface  layers  are 
grayish  brown  to  brown  and  friable.   Textures  range  from  sandy  clay  loam 
to  clay  loam. 

The  surface  horizon  of  the  alluvial  soils  is  commonly  a  very  friable,  dark 
gray  fine  sandy  loam.   It  is  nonsaline,  nonsodic,  and  noncalcareous.   The 
subsurface  horizons  consist  of  light  grayish  brown  clay  loam  with  randomly 
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interspersed  thin  layers  (1  to  2  inches)  of  sandy  material.  These 

subsurface  horizons  are  nonsaline,  nonsodic,  and  moderately  to  strongly 

calcareous.   The  available  moisture  retained  in  these  soils  is  approximately 
2.2  inches  per  foot. 

The  alluvial/colluvial  soils  occupying  gently  sloping  fans  and  footslopes 
are  presently  being  used  for  small  grain  production.   On  steeper  sideslopes 
and  along  intermittent  drainages,  these  soils  are  being  used  for  range. 

The  Point  Site  profile  in  Table  25,  Appendix  E,  is  typical  of  the  alluvial 
soils  occurring  in  this  study  area.   Tables  26  and  27,  Appendix  E,  describe 
the  profiles  of  colluvial  soils  representative  of  this  study  area. 

Land  Suitability  Survey 

A  detailed  land  suitability  survey  of  the  Beulah  Trench  Study  Area  was  made 
to  evaluate  and  characterize  the  overburden  (includes  soil  and  bedrock)— 
as  a  source  of  material  for  resurfacing  and  revegetating  the  area.   This 
survey  provides  data  on  the  quantity  and  quality  of  material  for  revegetation, 
ease  of  stripping  and  stockpiling  the  usable  material,  and  other  factors 
which  affect  the  lands'  suitability  as  a  source  of  material  for  revegetation. 
Basic  data  on  the  physical  and  chemical  properties  of  the  natural  soil  bodies 
and  bedrock  material  under  present  conditions  are  also  provided  by  the  survey. 

Land  suitability  specifications,  shown  on  Table  28,  were  developed  to  establish 
classes  for  the  specific  use  proposed,  i.e.,  as  a  source  of  material  for 
revegetation  of  surface-mined  land.   Four  land  classes:   1,  2,  3,  and  6  were 
developed.   These  correspond  to  classes  used  in  the  Water  and  Power  Resources 
Service  land  classification  system. 

Factors  included  in  the  specifications  for  quality  consideration  were: 
texture,  salinity,  sodicity,  hydraulic  conductivity,  percent  stones  (>3  inches), 
erodibility,  and  available  water  holding  capacity.   Quantity  considerations 
were  based  primarily  on  the  depth  of  the  material.   Other  factors  influencing 
the  ease  with  which  suitable  material  could  be  selectively  stripped  and  stock- 
piled were  also  considered.   These  included  the  presence  of  glacial  erratics  or 
indurated  bedrock  (outcrops)  and  steep,  rough,  or  complex  slopes. 

Class  1  lands  provide  the  most  desirable  and  plentiful  source  of  soil  material 
for  revegetation.   A  large  supply  of  highly  suitable  material,  which  is 
relatively  easily  stripped  and  stockpiled,  should  be  available  from  this 
class  of  land.   In  addition  to  having  an  adequate  amount  of  suitable  material 
for  reclaiming  the  immediate  area,  Class  1  land  can  probably  provide  borrow 
material  for  topdressing  areas  with  insufficient  suitable  material.   Class  2 
lands  have  adequate  resurfacing  material,  but  it  may  be  limited  in  quantity, 
less  desirable  in  quality,  or  somewhat  difficult  to  strip  and  stockpile. 
Class  3  lands  are  similar  to  those  in  Class  2,  except  the  deficiencies  are 


1/   A  glossary  defining  terms  is  included  in  Exhibit  4,  Appendix  E. 
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Table  28 


LAND  SUITABILITY  SPECIFICATIONS  -  SURFACE  MINE  RECLAMATION 

Suitability  of  Overburden  for  Revegetation  of  Surface-Mined  Areas 

BLM/WPRS  Cooperative  Program  EMRIA 

Beulah  Trench  Study  Area 


United  States 
Department  of  the  Interior 
Water  and  Power  Resources  Service 


Overburden  Characteristics 


Symbols 

Information 
Basic        and 
Subclass  Deficiencies 


SOILS  AND/OR  BEDROCK 


Fine  sandy  loams  to  clay  loams 


Sodicity 
Salinity  (ECxlOj 

Available  Water  Holding  Capacity 
Hydraulic  Conductivity 

Cobble  and  Stones  (>3") 


Weatherability— ' 
Erodibility 


1/ 


>  36"  of  overburden  that  is 
suitable  for  plant  media 


Sandy  loam  to  silty  clay  loams 

Sandy  loam  or  gravelly  material 
sufficiently  coarse  to  slightly 
reduce  productivity  and  moisture 
retention 

Profile  should  have  sufficient 
material  for  topdressing;  clayey 
materials  that  are  slowly  per- 
meable should  be  placed  below 
18"  in  the  reconstructed  profile 


>  18"  of  overburden  that  is 
suitable  for  plant  media 


Loamy  sand  to  clay 

Loamy  sand  or  gravelly  mate- 
rial in  sufficient  quantity 
to  moderately  reduce  produc- 
tivity and  moisture  retention 

Profile  should  have  suffi- 
cient material  for  topdress- 
ing; placement  of  clay  should 
be  below  10"  in  the  recon- 
structed profile;  material 
objectionable  to  plant  roots 
should  be  placed  below  root 
zone 

>  10"  of  overburden  that  is 
suitable  for  plant  media 


SAR  not  to  exceed  9.0  in  clayey  soils,  but  may  be  up  to  20.0  in  soils  with  loamy  sand  textures. 
Values  can  be  slightly  higher  if  compensated  by  adequate  residual  gypsum. 


Less  than  4 


>  1.5"/foot  of  soil 


Adequate  to  provide  a  well  drained 
and  aerated  root  zone  and  an 
infiltration  rate  adequate  to 
prevent  serious  erosion 


Less  than  5%  in  soil  mass 


Will  break  down  readily  upon 
exposure  to  the  weather 


Susceptible  to  slight  erosion 


Less  than  8  but  should  have  10" 
of  material  of  less  than  4  for 
surface 

>  1.0'Vfoot  of  soil 

Slightly  restricted  which  may 
result  In  some  restriction  of 
drainage  and  aeration  in  the  root 
zone  and  a  reduced  infiltration 
rate 

Less  than  10%  in  soil  mass 

May  require  short  period  to  break 
down  upon  exposure 

Susceptible  to  moderate  erosion 


Less  than  12  but  should  have 
10"  of  material  of  less  than 
4  for  surface 

>  0.75"/foot  of  soil 

Restricted  to  the  extent  that 
internal  drainage  may  limit 
choice  of  vegetation  and 
require  special  practices  to 
control  erosion 

Less  than  20%  in  soil  mass 

May  require  extended  period 
to  break  down 

Susceptible  to  severe 
erosion  but  can  be  con- 
trolled with  proper  manage- 
ment and  placement 


T0POGRAPHY- 


Glacial  Erratics  or  Indurated 
Bedrock  Outcrops 

Cover 

DRAINAGE  d 


Permissible  surface  gradient 
0  to  12  with  smooth  slopes 


None 

Not  applicable 


Permissible  surface  gradient 
0  -  12%;  undulating  to  complex 
slopes 


1  to  5%  of  area 


Permissible  surface  gradient 
0  -  35%;  hilly  to  steep 
slopes 


5  to  20%  of  area 


Because  of  anticipated  land  alterations  by  surface  mining,  present  drainage  conditions, 
hydraulic  conductivity  of  the  material,  are  not  a  factor  in  the  classification. 


except  the 


Areas  delineated  in  this  class  generally  lack  suitable  material  for  stripping  and  stockpiling  as  surface 
material.   One  or  a  combination  of  the  following  deficiencies  may  result  in  the  use  of  this  class:   (1) 
insufficient  soil  or  bedrock  of  suitable  quality  at  or  near  the  surface,  (2)  topography  which  prevents 
stripping  of  suitable  material,  including  steep  slopes  (single  or  complex),  (3)  abundance  of  glacial 
erratics  or  hard  bedrock  outcrops,  and  (4)  toxic  overburden  (soil  or  bedrock)  at  or  near  the  surface. 
Revegetation  of  these  lands  will  require  modification  of  the  available  material  or  borrowed  material 
from  nearby  Class  1  or  2  lands. 


1/  Applicable  only  to  bedrock  material. 
2/   Not  applicable  to  bedrock  material. 


more  pronounced  or  there  is  a  combination  of  deficiencies.   Land  in  this 
class  is  marginally  suitable  for  revegetation  but,  under  normal  circumstances 
with  good  procedures  for  stripping  and  stockpiling,  requirements  for  planting 
media  can  generally  be  met.   Class  6  lands  commonly  lack  adequate  or  suitable 
soil  or  bedrock  material  to  meet  the  requirements  for  revegetation.   If  these 
lands  are  disturbed  by  surface  mining,  it  will  be  necessary  to  borrow  material 
from  areas  with  adequate  supplies  or  modify  the  material  available  for 
revegetation  of  the  area. 

Table  29  expands  the  preceding  summary  description  of  the  land  classes  and 
describes  the  significant  characteristics  of  the  major  land  classes  and 
subclasses. 

The  land  suitability  survey  was  accomplished  using  Water  and  Power  Resources 
Service  methods  and  procedures.   Field  mapping  was  done  on  aerial  photographs 
with  a  scale  of  1:4,800.   Topographic  drawings  at  a  scale  of  1:24,000  with 
20- foot  contour  intervals  were  used  for  reference.   An  Abney  hand  level  was 
used  to  supplement  the  slope  data  on  topographic  drawings. 

Representative  (Point  Site)  soil  profiles  typical  of  extensive  areas  of 
Class  1,  2,  3,  and  6  lands  were  described,  sampled,  and  analyzed  in  detail. 
Additional  profiles  were  recorded  in  the  heterogeneous  soil  areas  to  show 
variations  within  the  delineated  areas.   This  information  was  supplemented 
by  nonrecorded  profile  examinations  as  required.   Nonrecorded  profiles  are 
often  located  in  transitional  tracts  between  soil  types  to  more  accurately 
locate  boundaries. 

In  the  field  appraisal,  the  top  16  inches  of  the  soil  profiles  were  exposed 
with  a  tile  spade.   A  hand  auger  or  hydraulic  coring  machine  was  then  used 
to  penetrate  the  overburden  to  a  depth  of  10  feet  unless  hard  bedrock  was 
encountered.   Soil  structure,  texture,  consistence,  color,  and  other  observ- 
able features  of  the  exposed  profile  such  as  salinity,  sodicity,  and  root 
distributions  were  recorded.   Lime  content  was  checked  with  dilute  hydro- 
chloric acid.   Samples  were  collected  from  many  of  the  exposed  profiles. 
Evaluation  of  the  soil  material  for  hydraulic  conductivity  and  available  water 
holding  capacity  in  relation  to  the  reclaimed  profile  was  a  major  consideration 
in  the  field  evaluation.   Using  these  basic  soil  evaluations  along  with 
observations  of  other  land  features  such  as  surface  stones,  exposed  hard 
bedrock,  and  slope,  a  land  suitability  class  was  tentatively  assigned  each 
delineated  area  while  in  the  field.   The  suitability  classes,  when  finalized, 
were  recorded  on  land  classification  maps,  Plates  23  through  29. 

A  soil  laboratory  was  used  in  connection  with  the  land  suitability  survey 
and  screenable  tests  were  performed  on  all  soil  samples.   These  tests 
included  disturbed  hydraulic  conductivity,  salinity,  pH,  and  moisture 
retention  (15  bars).   More  detailed  soil  analyses  were  then  made  as  required. 
Exhibit  1,  Appendix  E,  describes  the  screenable  testing  procedures  used  in 
the  laboratory. 

Complete  soil  analyses  were  performed  on  all  samples  from  Point  Site  profiles 
representative  of  the  major  soil  categories  for  the  land  suitability  survey 
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and  the  soil  inventory.   The  analyses  listed  in  Exhibit  3,  Appendix  E, 
were  performed  as  needed  for  proper  overburden  evaluation. 

In  addition  to  the  foregoing  testing  program,  greenhouse  studies  were 
conducted  on  soil  and  bedrock  samples  from  this  study  area  to  indicate 
possible  toxic  or  other  unfavorable  conditions  for  plant  growth  (see 
GREENHOUSE  section). 

Results  of  Land  Suitability  Survey 

The  results  of  the  land  suitability  survey  are  recorded  graphically  on 
detailed  maps,  Plates  23  through  29,  which  show  the  areal  distribution  of 
the  various  land  classes,  soil  deficiencies,  topographic  deficiencies, 
profile  notes  of  soil  borings,  and  the  results  of  laboratory  analyses. 
This  information  is  also  summarized  on  Plates  30  and  31.   Plate  30  describes 
the  location  and  depth  of  overburden  that  is  suitable  for  use  at  or  near 
the  surface  in  reconstructed  profiles.   Plate  31  shows  the  location  and 
quantity  of  subhorizon  material  that  can  be  used  below  the  primary  plant 
root  zone  in  reconstructed  profiles.   Soil  deficiencies  are  also  shown. 
The  following  tabulation  lists  the  acres  of  land  in  each  section  by  class: 


Beulah  Trench  Study  Area 


Location 

Land  Classes  -  Acreage 

T.  145  N.,  R. 

88  W. 

1 

2 

3 

6 

Total 

Sec.  14 

177.7 

287.3 

15.0 

480 

Sec.  22 

113.1 

20.9 

186.0 

320 

Sec.  26 

217.1 

147.5 

86.2 

29.2 

480 

Sec.  34 

110.1 

30.3 

19.6 

160 

Total 

618.0 

486.0 

306.8 

29.2 

1440 

Percent 

42.9 

33.8 

21.3 

2.0 

100 

T.  144  N.,  R. 

88  W. 

Sec.  4 

105.4 

217.9 

156.7 

480 

Sec.  6 

431.7 

182.5 

25.8 

640 

Sec.  8 

30.2 

18.9 

94.2 

16.7 

160 

Total 

567.3 

419.3 

276.7 

16.7 

1280 

Percent 

44.3 

32.8 

21.6 

1.3 

100 

Percent  of 

Study  Area 

43.6 

33.2 

21.5 

1.7 

100 
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Plate  23 


£ 

fi' 

-<r 

CL. 

-^ 

cl" 

-3? 

CL 

SCI 

-^f- 

iiCL- 

-j 

No.    1   200 'N. ,    100' E. 
of  SW.    Cor. 
0-12"  best  for  sur- 
face use. ,  12-54" 
suitable  for  surface 
use. ,   54-114' 


Sbi 


for 


Sh 


subsurface. 
8-12%  complex  side 
slope  below  rolling 
residual  and  till 


0-1"  SiL  Al;    1-3" 
SiL  AB;    3-6"  CL  B2 
(m2pr/m2bk);    6-13" 
CL  B3ca;    13-30"  CL 
Cca;   30"'+  Ccs. 
Oxidized  sofi 
shales  66-84"; 
mottled  84"+. 
Lab  texture  0-12 


No.    5  1600' E.  ,    530' 
S.    of  WV  Cor. 
0-1B"  best  for  sur- 
face use. ,  18-90" 

suitable  for  surface 


eu, 


Qr 


Hv  L. 

Depth 

'   48-66" 

66-84" 


SAR     GYP 


GU 


<£U 


No.    2  1120'N. ,    S301 
E.    of  SW.    Cor. 
0-12"  best   for  sur- 
face use.  ,  12-36" 
suitable  for  surface 
use. ,  36-114"  use  fo 
subsurface. 
4-6%  complex  gently 
sloping  till  crest 
with  side  slopes 
from  8-35%. 
0-2"  SiL  Al;    2-8" 
CL  B2   (m2pr/m2bk); 
B-14"  CL  B3ca;   14"+ 
Cca. 

Depth       SAR     Text. 
0-12"       ~  Hv  L 

36-54"      5.6 

No.    3   1060'S.,   130' 
E.    of  W»j  Cor. 

0-18"  best   for  sur- 
face use.,  18-66" 
suitable  for  sur- 
face use.  ,   66-78" 
use  for  subsurface. 
8-10%  complex  side 
slope  below  till 
crest  with  cobble 
and  boulders ,   some 
8-35%  slopes  in  area 
0-2"  SIL  Al 
B21    fmlpr/m2bk); 
7-12"  CL  B22   (2tnpr/ 
2mbk);    12-18"  CL 
B3ca;   18"+  Cca. 
54"+  Cca;   salt 
crystals  42"+, 

No.    4  930'E. ,   180' 
S.    of  W^  Cor. 
0-12"  best   for  sur- 
face use.,   12-54" 

suitable  for  surfac< 
use. ,   54-120"  use 
for  subsurface. 
4-6%  complex  gentle 
slopes  along  till 
crest  with  cobble 
and  boulders. 
0-2"  SIL  Alt   2-8" 
CL  B2   (m2pr/m2bk); 
8-14"  CL  B3ca;    14"+ 
Cca;   carbonaceous 
shales   from   54-90"; 
mottled  sandy  shalei 
90"+. 


©^ 


CL 


Q-. 


®m 


Depth 

0-12" 
30-54" 

90-108" 


SAR     GYP 


-12-16%  complex  s 
slope  below  till 
crest,  cobbl 
boulders  and  30% 
slopes  in  the  an 
0-1"  SiL  Al;  1-3' 
SiL  AB;  3-11"  CL 
B2  (m2pr/m2bk); 
11-18"  CL  B3ca;  ] 
Cca;   salt  accumu- 


No.    10  260' N.    of  SE. 
Cor. 

0-24"  best  for  sur- 
face use.,  24-48" 
suitable  for  surface    j_ 
,  use. ,   48-120"  use  for    * 

4-6%  complex  foot  slope' 
'  below  rolling 
and  till  mate 
profile  300'W 

gravely  SL  ov> 


©r 


shale: 


:  30". 


s   54"+; 

at  78" 


©-, 


No.    6  930'W.  ,   660' 
N.    of  S|j  Cor. 
0-18"  preferred  sur- 
face material;   18-54" 
acceptable  for  surfao 
use;    54-72"   for  sub- 

8-10%  side  slope  mid- 
way below  residual 
till  crest  with  scat- 
tered boulders. 
Slopes  in  area  8-35%. 
0-1"  SIL  Al;    1-3" 
SiL  AB;    3-14"  CL  B2 
(m2pr/m2bk);   14-24" 
CL  B3ca;    24-30"  Cca; 
30"+  sandy  shales. 
:  0-18" 
Hv  SL. 


0-7"  SiL  Ap;    7-12" 

CL  B2   (c2pr/m2bk); 

12-24"  CL   B3;    24"+ 

Cca. 

Till  profile  with 

gravely  outwash  ban 

Depth  SAR       GYP 


96-120"        6.2 

No.    11   900' N. ,   800 'E. 
of  S^  Cor. 
0-24"  best   for  sur- 
face use. ,   24-42" 
suitable  for  surface 


a_ 


No.    14  900'S.  ,   75'W.       /-^1 

No.    18    580 'W.    100" S.      _^ 

of  E!j   Cor.                              Q£ 

of  NE.    Cor.                        (££, 

0-36"  best   for  sur-        , j% 

~ 

,7S 

0-24"  best  for  sur-  JJ^e- 

&•■<- 

face  use. ,   36-60"             *8 

7Z 

face  use.,  24-48"       _^- 

t,  L" 

suitable  for  surface 

— ^ 

suitable  for  surface 

6  V 

use.,   60-120"  use  for    *>* 
subsurface. 

CL  ' 

-77- 

use.,  48-114"  use  for 
subsurface. 

■ 

6-8%  complex  side              **■> 

(/t* 

/.s 

4-655  complex  side 

slope  below  crest  with  " 

ctT~ 

'** ' 

slope  adjacent  to 

— 

cobble,  some  8-35%          „,, 

"t 

»*> 

gentle  swale  till 

slopes   in  mapping  unit." 

CL 

7.1 

soils. 

0-2"  SiL  Al;    2-4"  SiL 

0-1"  SiL;    1-5"  AB 

SiL;    S-18"  CL  B2 

(m2pr/m2bk);    11-30"         *' 

7.1 

(m2pr/m2bk);    18-24" 

B22   (c2pr/c2bk);    30- 

CL  B3ca;    24"+  Cca. 

42"  CL  B3ca;   42"+  Cca. 

Depth       SAR     Text. 

Lime  accumulations  at   /-™\ 
42"+;    Ccs   from  60"+        V^S , 

0-24"                   Hv  L          /^> 
48-66"     6.9      Lt   CL       (^ 

in  sandy  shales.            "*j 

CL 

~T7 

Depth                   SAR              -M 

' KT 

a  to 

No.    19  1060'N.    of 

0-18"                                        sf 

CL' 

77 

Eij  Cor. 

' 

18-42"                                        a*S 

**■ 

O10 

0-30"  best   for  sur- 

. 

78-102"              3.2               z* 

S.Z 

face  use. ,  30-90" 

102-120"            1.9 

* 

suitable   for  surface 

o  M 

,.Z 

use. 

— 

No.    15  900'W. ,  400'        ** 

U._ 

t.A 

Profile  located  on 

_ 

N.    of  E^  Cor.                  ."T* 

T7* 

'£-. 

6-8%  side  slope. 

0-18"  best   for  sur- 

1.4 

Till   soils. 

face  use.,  18-48" 

0-5"  CL  Ap;    S-24" 

" 

suitable   for  surface 

CL  B2  (tn2pr/m2bk); 

. 

use. 

24-30"  CL  B3ca; 

8-12%  complex  till  side 

30"+  Cca. 

slope  with  boulders       (20) 

on  surface,  some           J^U ^ 

No.    20  1000'W. ,    180'  0_> 

slopes  to  30%.                    is 

CL  . 

N.    of  SE.   Cor. 

0-2"  SiL  Alt    2-14"         oti. 

IT*- 

en 

0-24"  best  for  sur- 

CL B2   (m2pr/m/f2bk);      /* 

V* 

face  use.  ,  24-78" 

14-18"  B3ca;    1S"+  Cca.  7, 

— 

suitable  for  surface 

No.    16  2450*W. ,   180'  ~*Z" 

u' 

~Ti~ 

6-10%  complex  side 

_ 

N.   of  E5j  Cor.                   a^ 

slope;   slopes   ex- 

0-24" best  for  sur-     ~~ J^~ 

.    1 

ceeding  20%  in 

- 

face  use. ,  24-96" 

mapping   unit ,   till 

suitable  for  surface 

soils. 

use. 

0-2"  SIL  Al;    2-24" 

2-4%  slopes  in  a  wet 

■ 

CL  B2   (m2pr/m2bk); 

■ 

alluvial  bottom. 

24-30"  CL  B3ca;    30"+ 

0-2"  SiCL  Al;    2- 
SiCL  AB;    4-18"  C 
B2  (clpr/clbk); 
18-24"  CL  B3;    salt 
crystals    24"+. 
Depth  SAR 

72-96"  6.4 

No.    17    660' E. ,    660' 


best   for  sur- 

6-24"         _£ 
suitable  for  surface 
use.,  24-108"  use 
for  subsurface, 
6-12%  complex  side 
slope,   some  slopes 
to  15%  in  area  till 
soil  with  cobble  and 


))M-^)°te 


lati 


66" 


alci 


AB 


No.    21    600-S.  ,    50' 
'■to         W.    of  NE.   Cor. 

0-6"  best  for  sur- 
,i2         face  use.,  6-72" 
t -■»-*■      suitable  for  surfaci 
,  ,  use.  ,  72-120"  use 

i  s  for  subsurface. 

6-9%  complex  slopes 
r.o  slong  till  crests 

'■<■  some  slopes  up  to 

16%  in  area. 
~       0-S"  SiL  AB;    5-36" 

CL  Cca;  salt  accumu- 

lations  12"+. 

Depth  Text. 

0-12"  Lt  CL 

INFORMATIVE         SYM80LS 


till  area  with 
boulders  on  surfai 
0-4"  SiL  Ap;    4-11" 
SICL  B21t  (m2pr/ 
m2bk);   11-15"  CL 
B22t  (c2pr/c2bk); 
15-18"  SiCL  B3ce; 
18"+  Cca;   surface 
18"  high  In  organic 
matter  content; 
mottling  36"+. 

No.    9  750'E.  ,    S301 
N.   of  SW.   Cor. 
0-18"  best  for  sur- 
face use.  ,  18-114" 
suitable  for  surfac 


16-20%  complex  side 
elope  below  residual 
and  till  crests. 
0-1"  FSL  Al;  1-3" 
PSL  AB;   3-8"  FSL 
B2  (mlpr/tn2bk); 
8-24"  B3ca;   24"+  Cca. 
Sandy  shales  at  102". 
Lab  texture  Hv  SL. 


trongly   calcareou 
Cca.      Salt  accumulation 
with  crystals  at   24"+. 
Depth         SAR         GYP 


OVERBURDEN 


Sodicity 


DEFICIENCIES 
medio) 


Solir 


24-42" 


15.1 


-4.4 


0-4"  CL  AB;    4-12"  CL 

;r.    B21    (m2pr/f2bks) 
with  baked  rock  frag- 
ments;   12-18"  CL  B22 
(clpr/c2bk);   1.8"+  Cca. 


h  Clay  (very  fine  texture) 

V  Cocse  (very    sandy  texture) 

p  Restricted    permeability 

0,  Available   moisture  capacity 

d  Depth   of  suitable  overburden 

x  Stoniness 

TOPOGRAPHIC      DEFICIENCIES 
g     Slope  (  including  gradient 

and  complexity) 
r     Mossive   lenticular  sandstone 

and/or    Glacial  erotics 
c    Cover 


LAND     CLASSIFICATION     SYMBOLS 

AN0  CLASS v  , Plant  media  deficient 

3sf 


■  Topogn 


SURFACE    LAYER 


SEC0N0    LAYER 
Quality 
Depth 


S/Z|  7~s\     GEOLOGIC    MATERIAL 


No.    22   1730'W. ,   100'S. 

of  Eij  Cor. 

0-18"  best  for  surface 

use. ,   18"+  rock 

fragments. 

12-16%  side  slope 

over  burned  rock. 

from  8-35"  in  area. 
0-1"  loam  Al;   1-7" 
loam  AB;    7-15"  C; 
1S"+  R. 


STRUCTURE  ABREVLATIONS 
SiTc"  " 

very    fine vf 

fine    f 

very  coarse vc 

Grade 

structureless    ..0 

veak l 

moderate    2 

strong   3 

Typo 

platy    pl 

prismatic    pr 

block-/    bk 

angular  blocky    .obk 
subangular  blocky    .sbk 
granular   gr 

single  grain   ...eg 

massive    n 

HISCELLAHEO'JS  ABRXV IATIONS 

calcic   horizon    Ca 

sodium  adsorpation-ratlo    ...S 

settling  volume    SV 

crev.ced  rock CR 

SOIL  PROFILE    NOTES 
PROFILE    REPRESENTS    5'  DEPTH 


©< 


CONVENTIONAL    AND    SPECIAL   MAP    SYMBOLS 

WATER   FEATURES 


AND 

FEATURES 

o 

Blowout 

X 

Cloy  spot 
Gravelly  spot 

0 

Gumbo,  slick  or 

scaby  spot  Isodic) 

= 

Dumps   and   sir 

Ifor  nonsoi  areas 

V 

Rock   outcrop  ( 

ncludes  shale  and  s 

V. 

Baked  rock  -e 

inker  ( local  name  s 

It 

Slide  or  slip  (t 

ps  point  upslope) 

f)U> 

Stony  ipot.ve 

y    stony  spot 

H 

Greoseoood 

•i' 

Morsh  or 

Os. 

Spring 

-CV 

Well,  one 

■o- 

Well,  .fri 

t 

Wet  spot 

PITS 

X 
V 

Gravel 

Mir* 

DAMS 

h4800 
SECTION   4,  T  I44N.-R  88W 


RESOURCE     a 


BUREAU     OF 

POTENTIAL 


&TION     EVALUATION 


BEULAH    TRFNCH     RECLAMATION    AREA 
WEST  RENNERS    COVE  COALFIELD  -  NORTH  DAKOTA 

DETAIL  LAND  CLASSIFICATION 


RECOMMENDED,. 


I  1305-600-184 


Plate  24 


©-, 


<3- 


GU. 


No.  1  800'W. ,  150'N. 
of  SE.    Cor. 

-  0-18"  best  for  sur- 
face use. ,  18-120" 

"   suitable  for  surface      *» 

>  4-6%  complex  side 
slope  below  gentle      — 

.  crest.  Cobble  and 
boulders  scattered 

0-1"  S1L  Al;    1-3"  S1L 
AB;   3-6"  B21t  SiL 
(mlpr/m2bk);   6-12" 
B22t   (m2pr/m/f2bk); 
12-18"  B3    (m2pr/m2bk); 
18"+  Cca.      Loamy  till    (~2\ 
profile.     Lime  accu-     ^->r 
mulatlons  18"*.     Salt  ^ 
crystals  78"+. 

Ko.   2  650'E.   of  S^  Cor. 
0-18"  best  for  sur- 
■  face  use. ,  18-78" 
suitable  for  surface 


8-16%  complex  side 
slope  adjacent  to 
swale.     Cobble  and 
large  boulders  scat- 
tered on  surface. 
0-1"  SiL  Al;  1-3" 
SiL  AB;   3-8"  B22t 
loam;    8-18"  B3ca 


SU, 


No-    6  600'E.,    SI 
Of  SW  Cor. 
0-18"  best  for  e 
face 


$-=, 


1-66" 


:  for  subsurface. 

;  8-35%  complex  side 

slope  adjacent  to  draw. i 
-  0-6"  SiCL  AB;    6-8" 
B21t   (mlpr/m/t2bk);       t! 
8-12"  Cca;   12"t  sandy  -^ 
shales  with  salt 
crystals.  -*& 

Lab  texture  0-18"  SCL. 
Depth         SAR         GYP       «i 
18-30"       11.2       -0.8       "* 
30-42"  9.2        -7.6 


No.    11    2000'W.    of  Z\ 
Cor. 
-0-30"  best  for  sur- 
face use. ,  30-54" 
suitable  for  surface 
use. ,   54-120' 


"T?  S,CL- 


for 


®u 


No.    7   800'S.  ,    600'W, 
of  E^  Cor. 
0-12"  best  for  su 
face  use. ,  12-36" 
for  subsurface, 
2-43;  complex  slopes 
into  a  colluvial  ~ 

bottom  along  a   natural 
drain. 

0-S"  FSL  Ap;  5-12" 
FSL  CI;  gravely  SL 
from  12-18";  18"+ 
V.  gr.  sands;  tex- 
tures and  depths 
over  sands,  gravel 
varies. 


■JIL* 


la 


18"+  Cce. 


mottled  sandy  shales  o_ 

-  at  66"+.  ' 

Lab  texture  0-18"  SCL.J 

No.   3  1S40'N.   of  S\     »■*» 

Cor. 

0-36"  best  for  sur 

face  use. ,  36-54" 

suitable  for  surfa. 


_GU 


4-9%  complex  side 
slope  from  moderately 
sloping  till  terraci 
0-1"  SiL  Al;    1-3" 
SiL  ABj    3-6"  SiCL 
B21t   (m2pr/m2bk); 
6-10"  SiCL  B22t 
(m2pr/m2bk);   10-42" 
B3.      Lime  accumu- 
lations 42"+. 


@U, 


No.    8   1060'W. ,   800'    -£ 
S.    of  E^  Cor. 

0-18"  best   for  sur- 
face use. ,  18-84"       — 
suitable  for  surface 

4-6%  complex  collu- 
vial side  slope  be-    _j 
low  moderately  sloping 
till  crests.  , 

0-6"  SICL  Ap;    6-10"    ~ 
SiCL  B22t  (mlpr/m2bk);^| 
10-16"  B3    (clpr/c2bk);    " 
Cca.      Lim 


2-4%  complex  slopes       £ 
■B   colluvial  area  adja- 
}    cent  to  stream  channel. 
'"  0-5"  loam  Ap;    S-ll"      ~ 
\j  SIL  B21t   (clpr/m2bk); 
11-16"  B22t  (mlpr/m/ 
_  f2bk);   16-30"  B3;   Cca 
ty30"+.     Salt  crystals 
and  mottling  Influe 
at   54".     Till  at  78 
Depth  SAB        GYP 

66-78"  14.0      -3. 

-    102-120"       9.4     -0.4 

No.    12  1100'S.,    220' 
W.    of  NE.    Cor. 
0-6"  best  for  surfac« 
use. ,  6-24"  suitable 
for  surface  use. , 
24-96"  use  for  subsui 

6-10%  complex  side 
slope  below  rolling 
till  crests.     Some 
slopes  to  16%  . 
0-6"  CL  Al;    6"+  R.  , 
sandy  shale  mottling 
influence  at  6"+  and 
salts  at  24"+. 
Lab  texture  0-6"  CL. 


*"& 


No.    16  1700'S. 

E.    of  Njj  Cor. 

0-24"  best  for  ___ 

face  use.,   24-120"      -*§?• 

suitable  for  surface 

2-4%  complex  slopes      n 
alluvial  bottom  with     ■ 
profile  varying   from 
gravely  to  clayey. 
0-4"  SiCL  Al;    4-B" 
SiCL  BA;   8-18"  B2 
SiCL  (clpr/m2bk); 
18-24"  SiCL  B3; 
gleying  influence 

i  mottling 


@U 


No.    19  150'N.    of  H?4 
Cor. 

0-24"  best   for  sur- 
face use.  ,  24- S4" 
suitable  for  surface 


FSL 


at  36"- 
Wet  pi 


66"- 


ofile  with 

table  at   5*". 

Influence  at 


i40' 


No.    17   1900' E. 
N.    of  \f%  Cor. 
0-30"  best   for  sur 
face  use.  ,  30-120" 
suitable  for  surfa 


-10%  ( 


side 


(?)  nettings  at  16"*.  (/J 

Iff—  CL    ^f-      Sandy  shales  at  30"+.  J~£       = 


1400' 


.eu 


No.    4  1400 'N. 
E.    of  SW  Cor. 
0-18"  best  for  sur-" 
face  use.,  18-120" 
suitable  for  surface 

8-15%  complex  hilly 
slope  adjacent 


to  I 


a ;  •? 


0-2"  SL  Al;    2-10" 
B2  (mlpr/m2bk)  loam 
10-18"  B3   (clpr/ 
m2bk);    18"+  CI   SCL. 
Mottling  at  12"+. 
Area  mainly  la 
FSL  over  sandy 
Lab  texture  0- 


C^i 


nci 


o_ 


-18"  SL. 

No.    5  1160'N. ,    400' ~ 
E.   of  SW  Cor. 
0-12"  best  for  sur-    *■** 
face  uae. ,  12-78" 
suitable  for  surface 
uBe. ,  78-120"  use 
for  subsurface. 
4-6%  side  slope 
below  moderately 
sloping  crest  with 
cobble  and  boulders 
scattered  on  sur- 
face.    Slopes  in 

0-1"  SiL  Al;   1-3" 
SiL  AB;   3-9"  SiCL 
B2t   (m2pr/m2bk); 
9-14"  SiCL  B3ca; 
14-36"  Cca.     Lime 
accumulations 
18-30".     Mottling 
78"+,     Salt  crystals 
66"+. 
Lab  texture  0-12"  CL. 


Lab  texture  18-30 

Hv  CL'    30-48"  CL.  _ac- 

No.  9  1060'W.,  940' 
N.  of  SE.  Cor. 
0-24"  best  for  sur- 
face use. ,  24-120" 
use  for  subsurface. 
8-16%  complex  side 
slope  below  till 

0-7"  loam  Ap;   7-18" 

B2t    (m2pr/m2bk); 

18-24"  CL  B3. 

Profile  located  mid-   (7?  


Lab 
SL/SCL. 


ti.8 


f  Efe  - 


No.    10  300 
Cor. 

0-18"  best  for  sur 
face  use.  ,  18-48" 
suitable  for  surfa 
use.  ,  48-120"  use 
for  subsurface. 
4-6%  complex  side 
slope  below  till 
cresta.      Some  14% 
slopes  in  area. 
0-2"  FSL  Al;    2-7" 
CL  AB  (Ap);   7-18" 
B2  (clpr/m2bk); 
18-30"  B3ca;    30"+ 
Cca  till.     Fine 
sands  at  48"+. 


-*■; 


No.    13  1400'W. ,    560' 
>f      S.    of  NE.    Cor.  -£rr- 

■'       0-48"  best  for  sur- 
2f_    face  use. ,  48-120"        __, 

*"      suitable  for  surface     **■ 

T     8-10%  complex  side        «'fr 
'j      slope  below  moderately 
s        sloping  crest.     Some 

slopes  to  16%  +. 

0-2"  FSL  Al;    2-10" 
Z£     B12  FSL  <c2pr/flbk); 
*      10-24"  FSL  B22  (clpr/ 
L.      flbk);    24-48"  FSL  B3; 
^     48-72"  FSL  Cca. 
-So    Dark  surface  soil. 

»        No.    14   500'S.  ,   100' 
E.    of  N!j  Cor. 

2.      0-24"  best  for  sur- 

'        face  use. ,  24-42" 
suitable  for  surface 
use. ,    42-90"  use  for 
subsurface. 

4-6%  complex  foot  slope. 
0-6"  SiCL  Ap;    6-18"  B2t 
(m2pr/m2bk);    18-30" 
B3ca;   30"+  Cca.      Lime 

S~      nettings  18"+.      Mottled 

(      sandy  shales  with  salt 

T     crystals  at  30"+. 

1      Lab  textures  0-18"  L; 

Irf       18-30"  CL. 

No.    15  1500'S. ,    500'E. 
of  NL  Cor. 

0-36"  best  for  surface 
use. ,   36-120"  suitable 
for  surface  use. 
2-42;  complex  slopes   in 
a  colluvial  soil  area 
along  a  swale  tributary. 
0-7"  loam  Ap;   7-24"  SiCL 
B2   (ra2pr/m2bk);    24-36" 
SiCL   B3;    36"+  CI. 
60"+  gravely  sandy  clay 
loam  with  salt  crystals. 
Weakly  salcareous  at   60"+, 
Lighter  texture  common  lo; 
average  for  area. 


moderately 
sloping  area  with 
some  slopes  to  16%. 
0-1"  SL  Al;    1-3"  lo 
AB;   3-7"  L.   B12t 
(mlpr/m2bk);    7-15" 
FSL  B3  (clpr/mlbk); 
1S-30"  CI;    30"+  soft j 
sandy  shales. 
Lab  texture  0-12"  SL. 

No.    18  1440 'E. ,   100'  j 
S.    of  W!j  Cor. 
0-30"  best  for  sur- 
face use. ,  30-114"     J 
suitable  for  surface 

4-9%  complex  side 
slope  near  gently 
rolling  crest. 
Scattered  cobble 
and  boulders  In 


(Pc 

CL- 

SM. 

&-. 

~  * 

**- 

CL 

-& 

CL-   - 

6-8%  complex  slopes 
i   rolling  topography. 
0-4"  FSL  Ap;    4-9 
B21t   (clpr/m2bk); 
9-12"  SCL  B22   (clpr/ 
mlbk);   12-24"  loam 
B3;    24-36"  SICL  CI; 
36-54"  SiL  C2. 
Profile  not  typical 
for  mapping  unit. 
12"  heavy  loam  over 
sandy  shale  material 
Is  common. 


No.    23  750'S. ,   300*W.    of 
NE.  Cor. 

0-30"  beet   for  aurface 
use.,  30-120"  auitable 
for  surface  use. 
6-14%  complex  side  elope 
below  sandy  crest. 
0-5"  SCL  Ap;    S-12"  SCL 
B2   fvc2pr/c/m2bk); 
12-30"  CL  B3;    30"+  C. 
Lab  texture  0-12"  Hv  SL. 


Q 


Lab  textu: 


0-24"  SL. 


&n 


0-1"  SIL  Al;    1-3" 
SiL  AB;    3-7"  CL  B21t 
(m2pr/f2bk);    7-16"     -} 
SiCL  B22t   (m2pr/m/ 
f2bk);    16-30"  SiCL 
B3ca;    30"+  Cca  with 
gravel  coated  with 
lime. 

Lab  texture  0-18" 
Lt.   CL. 


INFORMATIVE        SYMBOLS 

OVERBURDEN      DEFICIENCIES 
(tor   plant  media) 

a  Sodicity 

s  Salinity 

h  Clay  (very  fine  texture) 

v  Coarse  (very   sandy  texture) 

p  Restricted   permeability 

q  Available   moisture  capacity 
Depth   of  suitable  overburden 


I 

No.    20\900'S.  ,   150' 
.  E.    of  NW.    Cor. 
0-12"  best   for  surface 
use.,  12-102"  suitable 
for  surface  use. 
■4-6%  complex  side 
slope  below  gentle 
till  crest  with  sur- 
face cobble  and 
boulders. 

0-2"  SiL  Al;   2-9"  B2t 
(m2pr/m/f2bk)j    9-12" 
B3ca;   12"+  Cca;   salt     ( 
crystals   54"+.     Sandy 
shales  occur  at  6'   in 


No.    21  700'E.  ,  350'S. 
of  NW.    Cor. 

0-18"  best  for  surface 
use. ,  18-42"  suitable 
for  surface  use. , 
42-78"  use  for  subsur- 
face. 

6-8%  side  slope  below 
a  gentle  crest,  some 
slopes  t©  20%,   scattered 
surface  cobble  and         .<•— 
boulders.  l^_ 

0-2"   FSL  Al;    2-6"  FSL 
BA(Ap);   6-10"  loam 
B2  (m2pr/m2bk);    10-16" 


lo. 


I  B3. 


Surface  textures  influ- 
enced by  till  on  crests. 

No.    22  1500'E.,    550' 
S.    of  NW.    Cor. 
0-18"  best  for  sur- 
face use. ,  18-54" 
suitable  for  surface 

2-6%  complex  slopes 
colluvial   material 

channel. 

0-2%  SiL  A2;    2-5"  loam 

AB;    5-14"  loam  B2 

(mlpr/mlbk);   14"+ 

II  CI  gr.   loam. 

Undifferentiated 

alluvium. 

Lab  texture  0-12"  SL. 


SOIL  PROFILE   NOTES 
PROFILE    REPRESENTS   51  DEPTH 
Q  SO,U     Will      NUMBER 


x    Stoi 
TOPOGRAPHIC 


DEFICIENCIES 

gradient 


e.op 


g     Slope  (includin 

and  complexity 
F     Massive   lenticular  sandstone 

and  /or   Glacial  erotics 
c    Cover 


LAND    CLASSIFICATION     SYMBOLS 


LAND  CLASS 
SURFACE    LAYER 


og- 

GEOLOGIC    MATERIAL 


.65    Myd 

(Olilurbid 
24  S«1tliry) 

PROFILE    SYMBOLS 


Seil-CoC12    S 


Sompm)     '  ;| 

STRUCTURE  ABREVIATIOKS 


CONVENTIONAL    AND    SPECIAL  MAP    SYMBOLS 


•Pi 


strong    . .. 
Type 

plaCy    .... 
prismatic    , 

blocky    bk 

angular  blocky    .abk 
subangular  blocky    .s 


ular 


single  grain   .. .sg 

massive    m 

MISCELLANEOUS  ABREVIattohs 

calcic  horizon   Ca 

sodium  adsorpation-ratlo 
settling  volume    SV 


LAN0 

FEATURES 

WATER 

FEATURES 

G 

Blowout 

-&• 

Morsh  or  swamp 

X 

Cloy  spot 

OS 

Spring 

Gravelly  spot 

-6- 

Well,  or  lesion 

0 

Gumbo,  slick   o 

r  scaby  spot  (iodic  1 

■a 

Wall,  Irrigation 

= 

Dumps    and    s 

miiof  nonsoj  areas 

t 

Wet  spot 

v 

Rocfc  outcrop  (includes  shale  and  sandstone) 

PITS 

St. 

Baked  rock  -c 

linker  (local  name  sc 

orio) 

DAMS 

\> 

Slide  or  slip  ( 

ips  point  upslope) 

010 

Stony   spot, very   stony  spot 

Mint 

H 

Greasewood 

<S 

Medium  or  small 

l>4800 
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Plate  25 


Q-^ 


GK 


2U 


No.    1  1400' E. ,    560'S 
of  NW  Cor. 

®-^ 

No.    6  920'S.  ,    120'W.       /"~\ 

of  rl}j  Cor.                              V_-f 1 

0-24"  best  for  sur- 

~ttT 

t  I 

~  ;_ 

0-18"  best  for  sur- 

face use. ,   24-66" 

•■>*■ 

flci*£f 

face  use.  ,   18-30" 

suitable  for  surface 

suitable  for  surface 

use. ,   30-84"  use  for 

4-6%  complex   foot 

IP 

L-^_ 

8* 

subsurface. 

- 

slope  below  rocky 

5,CL 

*  ■- 

4-6%  complex  side 

till  slopes. 

l»i_ 

' 

slope  with  some  slope 

0-2"  Al    FSL  (dpi); 

£  "-- 

SiCC 

.  i.i- 

to  16%. 

■ 

2-6"  AB  Loam  (clpr/ 

rit, 

ith_. 

■7 

0-5"  AB  (Ap)   CL;    5-9" 

m2bk);    6-12"  (c2pr/ 

B21t   (c2pr/m2bk)  CL 

n>2bk);   12-30"  B3ca 

hard  dry;   9-13"  CL 

(c2bk);   30-48"  Cca; 

B22t   (c2pr/m/f2bk); 

- 

48-66"  C2.      Small 

13-18"  B3ca;    18-30" 

lime  coated  gravel 

Cca;    30"+  sandy  shale 

at  10"+. 

Lab  texture  30-40" 

e 

material.     Lime  accu-    f~\ 
mulations  at   13"+.          ^~T ] 

Lt  CL. 

_Li£_ 

CL.. 

ZT^.J 

Salt  mottling  and 

. 

No.    2  1620'E. ,   840'S 

^TT- 

:,. 

irf 

crystals  at  30"+. 
Adjacent  area  has 

■ 

of  NW  Cor. 

"  "•• 

slick   Bpots. 

" 

0-12"  best  for  'sur- 

7.3 

Depth          SAR          GYP 

■ 

face  use. ,  12-54" 

30-48"          8.1 

suitable  for  surface 

Jsr- 

CL 

TT- 

66-84"        12.7        -2.0 

use. 

4-b%  complex  aide 

No.    7   1120'S. ,   400'W. 

slope  near  gullied 

T7~ 

LL. 

TT~ 

of  NE  Cor. 

sloping   rocky  crest. 

0-30"  best  for  Bur- 

Slopes  to  16%  In  are 

.—- 

CL, 

"TS2 

face  ubc  ,  30-102" 

0-2"  Al  Loam;    2-7" 

1 

suitable  for  surface 

B21  (mlpr/m2bk); 

use. 

7-12"  B3ca;    12-30" 

2-6%  slopes  into  swale^ 
below  crest  with             ^ 

Cca.     Cobble  and 

boulders  10%  of 

slopes  to  10%. 

- 

surface. 

0-7"  SiCL  AB;    7-15" 
CL  B21t  (m2pr/f2bk); 

- 

No.    3  700'S.  ,   620'E. 

15-18"  CL  B22t    (m2pr/ 

of  NW  Cor. 

f2nbk)  with  baked  ink 

- 

0-18"  best,  preferred 

fragments;    18-30"  CL 

_ 

for  surface  use. , 

B3;    30"+  CI.      Till 

18-36"  suitable  for 

firm  at    54"+.      Lime 

surface  use. ,  36-42" 

accumulations   from 

- 

use  for  subsurface. 

54-102". 

2'4%  complex  slopes. 

Lab  texture  18-30"  CL; 

Undifferentiated 

30-54"  Hv  SL. 

colluvlal   bottom. 

0-4"  A  SiL  4-10" 

B12  (mlpr/mlbk); 

& 

of  NE  Cor.                             f 

10-36"  CI;    36"* 

r,J 

TtT 

0-6"  best  for  sur- 

GrCL with  cobble- 

it 

face  uae. ,  6-30" 

■ 

size  rock;    some 

r;v 

*.CL 

suitable  for  surface 

- 

salt  mottling  at 

■t 

ubc  ,   30-84"  use  for 

36"+. 

--^ 

SiCL 

*<-J.J 

subsurface. 

4-6%  side  slope  below 

No.    4  1100'E.,   900'S 

— 

tao 

gently  sloping  till 

— 

of  NW  Cor. 

crests  with  some  16% 

0-12"  best   for  sur- 

_*J£_ 

-TT 

elopes. 

face  use. ,  12-42" 

0-6"  CL  AB;    6-14"  CL 

' 

suitable  for  surface 

Cca;   14"+  sandy  shale. 

use. ,  42-84"  use  for 

Salt  crystals  at   S4"+. 

subsurface. 

Lab  texture  0-12"  L. 

4-8%  complex  side 

1 

slopes  with  boulders 
some  slopes  of  20%. 

0" 

U-n 

No.    9  1000'S.,   820'W.      -. 
of  NE  Cor.                            f 

0-120"  saline  aodic 

B2  (m2pr/m2bk);    9-13 

"o 

CL? 

tK 

material  unsuited  for 

" 

B3c»  SiL  (vclpr/m2bk 

plant  media. 

- 

13-18"  Cca.      54"+ 

T5" 

C  L 

tt-xi 

2-4%  complex  slopes, 

salt   crystals   in 

3   C   . 

*-<-. 

colluvial  outwash  area 

mottled  sandv  shales 

■  X" 

«M* 

influence  from  baked 

" 

A  horizon  10YR  4/2. 

— 

a 

rock  and  carbonaceous 

— 

~~ iZZ 

S.O- 

T^Ti 

stiales. 

No.    5  740*W. ,   400'S. 

— = 

0-2"  CL  A2;   2-7"  CL 

of  Nij  Cor. 

"fin" 

ifCC 

a  '■  f 

B21t    (clpr/c/m2bk); 

" 

0-18"  best   for  sur- 

—-.- 

7-15"  B22t   (m2pr/ 

- 

face  uae.  ,  18-78" 

_S 

S  ',. 

*■? 

f2bk);   15-24"  B3ca; 

suitable  for  surface 

es 

f.i 11 

24"+  Cca.     Baked  rock 

uee. ,  78-96"  use  for 

fragments  12-36". 

subsurface. 

4-8%  complex  side 

slope  below  gentle 

-3 

n 

CL  . 

e.ff 

of  NE  Cor. 

and  steep  crests 

— ^r 

0-18"  best  for  surface 

with  slopes  to  16%. 

v  iz 

CL. 

1-1 

use. ,   18-66"  suitable 

" 

0-3"  SiL  Al;    3-6"  AB 

■ 

1-1 

for  surface  use. , 

- 

SiL  (old  Ap);    6-14" 

# 

66-120"  use  for  sub- 

B21  SiCL   (clpr/m2bk) 

tV 

CL 

jf—r 

surface. 

14-18"  B3ca;   Cca  18" 

___ _ 

8-10%  complex  side 

Sandy  shales  below 

,fp 

CL  ' 

no 

slopes  Into  a  swale. 

- 

40". 

t4 

'• 

Boiling  terrain  hills 

=_ 

from  8  to  35%  slopes. 

--■rr- 

%,L- 

•  '  'i 

Cobble  in  area. 

otf. 

J— — 

1  ■ 

0-2"  SiL  Al;    2-8"  CL 

- 

>8 

est. 

/> 

B21    (m2pr/f2bk);    8-11" 

CL  B22  (m2pr/m2bk); 

11-18"  CL  B3;    18"+  Cca. 

Lime  accumulations  at 

18"+.     Salt  accumulations 

at  66"+.     Carbonaceous 

Lab  texture  0-18"  L. 

Q 


O^ 


c^ 


cu 


o^ 


c^ 


c^ 


EXPLANATION 


LAND    CLASSIFICATION     SYMBOLS 
LAND  CLASS - 

i«°  symbols 
GEOLOGIC    MATERIAL 


SOIL  PROFILE   NOTES 

PROFILE    REPRESENTS    5'  DEPTH 


SURFACE    LATER 


0' 


"-Shalt     contact 
PROFILE    SYMBOLS 


INFORMATIVE        SYMBOLS 

OVERBURDEN      DEFICIENCIES 

(for    plant  medio  1 

o  Sadlcity 

s  Salinity 

h  Clay  (very  fine  texture) 

v  Coarse  (very   sandy  texture) 

p  Restricted   permeability 

q  Available   moisture  copocity 

d  Depth   of  suitable  overburden 

x  Stoniness 

TOPOGRAPHIC      DEFICIENCIES 
g     Slopefincludinq  gradient 

ond  complexity) 
r     Massive    lenticular   sondstone 
ond/or    Glacial  erotics 


\z    Sumr.».»n 

1       STRUCTURE  ABREVIATIONS 
Size 

fine    f 

coarse    c  CONVENTIONAL     AND    SPECIAL 

very  coarse vc 

Grade  LAND    FEATURES 

structureless    ..0 

weak  ...                  1  ^     Blowout 

moderate    2  X      Cloy  spot 

strong    3  Groveliy  spot 

IZEi  0      Gumbo, slick  or  scopy  spot(sodic) 

pl">'    •; P1  =  0„m»,  ond   .imllO,  noosoi  o,eo, 

prisrnatic    pr  ~ 

columnar cpr  v  Rock  oufcrop  (includes  stale  ond  sondstone 

blocky    bk  V  Boked  »oek  -cl.nker  (  local  nome  scorio) 

angular  blocky    .abk  \%  Slide  or   slipftips  point  upslopt) 

aubangular  blocky    .  sbk  ^  stony  spot,  very  stony  spot 

I™™1"    ^r  H  Greose-ood 

single   grain    . . . sg 

MISCELLANEOUS  ABREVIATIONS 

calcic   horizon    Ca 

sodium  adsorpation-ratio    ...SAR 
settling   volume    SV 

creviced  iock CR 


MAP    SYMBOLS 

WATER 

FEATURES 

-it- 

On 

Spring 

-6- 

Wtll.ortesio 

•o- 

Well,  iff  igofi 

t 

Wet  spot 

)         PITS 

X 

y 

Grave) 

Mine 

DAMS 

M4800 
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Plate  26 


s 

No.    1   2000 'Z.    of  EL        f£ 
Cor.                                          ^  T"=l 

No.    6  700'E.,    200'S,       (^) 
g„      of  Cor.                                    ;M ^ 

No.   U  700'H. ,  100' N.  (75) 

of  S^  Cor.                           fZf        ~ 

No.    15  1350'N. ,    SOO'E.  (~^ 
,,„  of  SW  Cor. 

°n 

•nrf" 

s.cc 

-57-    Beet  for  surface  use.     *i 
24-108"  below  primary 

L  ■ 
FSL 

I*      0-16"  best  for  but-    — jz~ 

face  use.    36-60"  use 
i.^       for  Bubsurface.                24 

CL* 
CL 

^T- 

0-24"  best  for  sur-      ' JT 
face  use.,   24-S4"        »■«*• 
suitable  for  surface   " 

£±J 

t»-"0-30"  best  for  sur- 
±11     face   use. ,    30-72" 

suitable  for  surface 

■ 

1 

i 

/                              i 

KM 

i«,o     4-6%  complex  slopes 

= 

4-6%  complex  elde           1  g 4 

SO 

use. ,    54-108"  use        ~iT" 

CL' 

tV    use. ,  72-120"  use  for 

cy 

281 

•       l                   ©       _L 

>to 

CL  - 

*f     into  a  swale  with            ",'»"' 

FS" 

■^7-     slope  with  10%  slopes     1S 

'■' 

for  subsurface. 

- 

subsurface. 

""3 

sllckspotB.      Rolling 

as  inclusions.                 0lt, 

2 

(..c. 

6-10%  complex  aide     _L*i_ 

tlL.    14-16%  complex  Bide 

— 

— 

1337 

II) 

i                                 ho 

"TilT 

CL 

JBif"    till  crests  with 

0-1"  SIL  Al;    1-S"        ~^~ 

CL 

1 1-t 

slopes   rsnglng  to 

LF5 

*"        elope  below  till  crest 

. 

cobble  and  boulders 

loam  AB   (old  Ap.);         0iJfc 

3  5%  till  influenced     y#o 

eff    with  up  to  35%  slope. 

~^" 

3 

-^i-    surround  the  area. 

■ 

5-16"  loam  B2   (mlpr/      « 

dT" 

Ttn 

soil  over  sandy           ^7~ 

H' 

;y     Sandy  material  outcrops 

■ 

" 

b 

,  ,       0-1"  SiL  Al;   1-4"  S1L 

m2bk);   16-36;    B3               eM    '^E 

+s 

e hales. 

— - 

on  steeper  side  slopes. 

■ 

"Ts-    AB;    4-18"  SiCL  B2t 

(noncal.).                        ^^~ 

0-1"  SIL  A;    1-3"  SIL   s.it 

A?f     0-1"  SiL  Al;    1-3"  SiL 

nh_. 

(t,2pr/m/f2bk) 

" 

"" 

AB;   3-10"  CL  B21              'e 

fs  • 

*"       AB;    3-8"  CL  B21t    (c2pr/ 

S                                           J                         ' 



1B-24"   CL  BSca;    24"+ 

No.   7   750'W. ,   150'S. 

(mlpr/m2bk);    10-18" 

c/m2bk);    8-18"   CL  B22 

#       / 

E 

Cca.    Salt  accumula-         __ 
tlon  24"+.      Mottling     (7 

of  HE.    Cor. 

0-24"  best  for  but-        (/Z, 

CL  B22   (clpr/cm2bk);       -. 
18-24"  CL  B3ca;               ( 

(c2pr/tn2bk);   18-27" 

CL  B3.                                    (^                                                                     (J 

/                            /             7^67° 

VC* 

«-'f    influence  at   S4"+. 

- 

face  use. ,   24-120"        li£_ 

ftl 

o$t> 

24"+   Cca.      Till 

Lab  texture- 

/ 

/                               / 

s.cl. 

"*"  '   Slickspots   with   (m2an/"7*~ 

S^- 

TT      suitable  for  subsur-     •*.%* 

«,'». 

contains  sandy  shale 

" 

0-18"  Hv  SL 

b37 

^,0-      •     'Kf^/                       "J 

7            /             2st     oa        ( 

~^T 

C(_". 

.±11     m2bk)   -  30*  of  area. 

face  use.                             " 

~"^r 

'■* 

fragments.      Bedrock 

30-48"   Hv  SL 

/+     Is  «•         1                      0 

* 

,B„     Depth         SAR       GYP         as* 

Sia-. 

ia      2-4%  complex  slopes       2-*i 

«L- 

-    8° 

at  108"+;    some  white 

0       J 

IS 

cl" 

■'■"' *  into  alluvial  swale         l1 

|fc-7.5 

mottling  at   90"+. 

IJtO              ) 

— T 

-Stt 

6i£L 

■j^-,   below  till  crests.         itA 

o  •> 

Lab  texture  24-36" 

-TT1 

cu 

1  3       No.    2   1300'S. ,700'H. 
,1"""   of  rt^  Cor.                          „  sl 

-^ 

0-7"  SiCL  Ap;    7-14"      "^T~ 
,.,        SiCL  B2  (clpr/cm2bk); 

T^TZ 

Hv   L. 

— 

©          /       z„ 

ao* 

V.'ZiT 

k.      0-24"  best  for  surface  " 

CL  ■ 

■"■-'*    14-24"  SICL  B3;    24"+   -*£*- 

fg  ' 

,~~ 

No.    12  40CN.  ,    200'E. 

^®)j                      CE 

f« 

1,-   " 

**       use.,  24-72"  suitable  oa_ 

1 

id      Cca.                                      J(rf 

»« 

of  SW.   Cor. 

/           Ii-2b 

09        /       / ) 

a  Sf 

<  - 1- 

,s     for  surface  use. ,  72-     »» 

Ct~. 

si-it    Buried  horizon  from        »•> 

«  . 

*.*-z* 

0-24"  best  for  sur- 

■ 

#35 

S.         4  J 

3st          \J                                                                           Vl„ 

?A 

**-* 

1,-*°   120"  for  subsurface       i.— 
f  *t     use.     8-12%  complex       ** 

5CL+- 

■■1       84-102".                                   Hlo 
*,'"    Lab  texture  0-24"  HvL.-^- 

TT 

^~v 

face  use. ,   24-66" 
suitable   for  surface 

' 

/    / y  ^ 

\ 

■***" 

aide  elope  near  till 

use. ,  66-120"  uae 

V 

^"^V      \               '       a 

f? 

crest.    Slopes  in  area     --^ 
)                           8-16*.                                            (H* 

No.    8   1360'N.  ,    200'E.     ^^ 
of  Si   Cor.                              ('3 

for  subsurface.                *~ . 
in-i?*  complex  "i**      (     ) 

Cl_                 rx- 

\)              '3"6< 

kr* 

TT7     0-1"  311  Al;   1-4"  SICL*** 

S.Cl 

*'*       0-42"  best  for  sur-      iJljL 

O- 

L^- 

slope  below  moder- 

WL* 

"ft1     AB;    4-18"  SiCL  B2t          ilk. 
■  »       fm2pr/m2bk1;    18-30"        ^ 

_i2i     face  use. ,  42-120"        J^ 
,       suitable  for  surface       x* 

Cu 

-rF" 

ately  steep  till 

■ 

Est                                    x - 

l3-25    9                           [ 

fv- — 0 

s  ■ 

'"       CL  B3;    30"+  Cca.              *« 
„,,      Average  depth  to 

CL. 

2-6%  complex  colluvial 

CU. 

°ff 

0-2"   FSL  Al;    2-12" 
B2   (clpr/clbk);    12- 

" 

^~f-^                 \          C                   f~\      3'1       os 

*S         ^^^           V 0   l264-6t       ^^_ 

~ H~ 

TT~    shales  In  area  36".     _2s>- 

SCL 

1    '-V    foot  slope  below            ~ io~ 

CL.' 

■f'7 

24"   FSL  B3;    Cca   24"+; 

' — r 

Depth         SAR     GYP 

rolling  till  crests. 



* 

(colluvial  slope) 

— " 

1           \               1 

*-■« 

S  " 

'"     30"-48"     3.8      0.0 

0-1"  SiL  Al;    1-3"  SiL 

Lab  texture  0-12"  SL. 

- 

. .          I|0         JL           J 

" 

S'"*''T    72"-90"     8.6                     

SCL 

AB;    3-10"   SiCL  B21 

5t 

f? 

90"-108"  9.7   +1.6             olW 

/o       (m2pr/m2bk);   10-24" 

No.    13   2250'N. ,   600'H. 

@ 

-*{£■ 

5- 

ifir*                              ~ **" 

CL,* 

«TT»     CL  B22   (m2pr/m2bk); 

of  S^  Cor. 

■ 

No.    3  1700'S. ,650'H. 

24-42"  CL  B3   with  6" 

0-12"  best  for  sur- 

- 

2»t 

"IT" 

s  " 

TeTi  of  N*i  Cor. 

B2  9  36-42";    Cca   42"+. 

face  use. ,  12-42" 

\                               2s*        V, 
sS                         U3,65     ' 

T767  °9 

0-18"  best  for  surface                              Lime  and  aalt  aceumula- 

suitable  for  surface 

S 

uae.,  18-36"  for              s~^ 
.             subsurface  uae. ,  36-     V^, 

tions  at  42"+  becoming 
1  °»»      concentrated  at  90"+. 

use.  ,  42-60"+  use          /*— n 

for  subsurface.               V> 



O- 

Ml 

-^    120"  place  below          tg^ 

*[f     Lab  texture  0-12"  L. 

6-8%  complex  side 

m                  011               ^ 

»', 

— « 

mi'      primary  root  zone.         ^i^j 

CL* 

■Ts~ 

slope  near  crest 

V 

*■ 

S'L' 

11       8-15%  complex  slopes       * 

5 

No.    9   540'N. ,   100'W. 

with  some  steep 

— L£«. 

.   * 

"*      and  crest  with  cobble  _*J^- 

CL. 

^f^    of  S\  Cor. 

hilly  side  slopes 



and  boulders  In  area. 

"^ 

0-6"  best  for  sur- 

to  3  5%  cobble  and 

~EZT~ 

VI  l_' 

~^r    A/C  profiles  are  com-  _o* 

CL 

^\±-    face  use. ,  6-42"  suit- 

boulders on  ridges. 

y 

>* ^~^)^^^^^ 

— 

mon.     Thle  profile       ^ 

able  for  surface  use. , 

0-1"  SiL  Al;   1-8" 

•  u* 

" -^ 

fcS        represents   small   sandy 

42-120"  use  for  sub- 

CL  B21    (mlpr/m/f2bk); 

- 

■■ 

Ilk- 

■•*      area. 

CL 

surface. 

8-12"   CL  B22   (m2pr/ 

. 

j      i_ 

^~~T      i         — -^      -!- 

O.W 

%-       Lab  texture  0-6"  SL. 

5: 

4-8%  side  slope  below 

m2bk);    12"+  Cca*. 

j              Mo 

^ /                       ^*"\    l|0 

T" 

■5LL- 

7^7\                                                 °" 

cl' 

-kJk-     moderately  steep  to 

Large  gravel  scattered 

ftj,_. 

^       No.    4   1000'E.  ,   450'         *" 
1*-M     of  W*j  Cor.                        "?*~ 

E! 

s  s     steep  crests.      Some 
TiTt    slopes  to  16%  A/C  pro- 

in  profile. 

Lab  texture  0-12"  CL. 

__ 

[            1                     ( 

0-12"  beat  for  sur-                                    file  with  a    S"  surface 

Depth               SAR 

■ y      t^t"          ^ — _ 

face  use.,  12-66"            s~\ 

AB;    Cca    5"+.      Firm           /7> 

24-42"               2.2 

suitable  for  eur-            L^ 
face  use.    66-120"        ^jf- 
uae  for  subsurface.       gtl 

1 

till;  lime  and  salt       \3 
*,'/     accumulations  at  42"+;—^" 
^  6     Sandy  shale  fragments    *  '*■ 

CL. 

7^ 

42-60"               6.8 

No.    14   400'S.  ,    100'E. 

EXPLANATION 

0 

■^   1 

2S'        YU 

"")                                          )'Ui?3,s 

143,65 

♦  \    0 

8-35%  complex  side      ~" 1T~ 
slope  below  till  creat.^ 

SiCL' 

*.  1  ■  *  i  and  mottling  at  66"+. 
S7     SAR  42-66"                         -t£- 

CL  - 

_1 

of  W*t  Cor. 

0-42"  best  for  surface 

SOIL  PROFILE   NOTES 

© 

Cobble  and  sandstone       TT 

CL 

nm  Lab  texture  0-6" 

fl 

use.  ,  42-120"  suitable 

LAND    CLASSIFICATION     SYMBOLS 

PROFILE     REPRESENTS   5'  DEPTH 

on  surface.      Side          ,,, 
slopes  show  influence  J* 
of  sandy  shales. 
0-1"  SIL  Al;   1-6"  CL-^TT 

'■<•-*<■    No.    10  900'H. ,  100'N. 
M      of  %\  Cor.                       ~T^" 
1+      0-36"  best   for  sur-      °  ?!. 

CL* 

CL- 
CL- 

jfe, 

for  surface  use. 
2-4%  complex   foot  slopes 
below  steep   hilly  till 
ridges  with  some  slopes 

LAND  CLASS y          , P 

SURFACE    LAYER         

ont   medio   deficiency                               Wj  S0,L    pft0FlLE     NUM8E" 

ropoqrophic  daii ctency                                           u— UECaataA*    Sal.  lit. 

a9                                             '                                       C-L-    8.4-B.O        B  4  pH    h3    Soli-  Woter   Suiptnilon 

\      GEOLOGIC    MATERIAL                          B.OpH    Seil-CoCi;    Suipemian 

\ 

©ttW5     ^x          ®      # 

Quolity Z^ZjT      3~ n 

_ 

B2;   6-10"  Loam  B3ca; 

face  use.,  36-48"            ** 

+ 

**"** 

to  10%. 

Depth                        -            V/     1          "O1 QoOlily                                                6A                65   Hyd«oulic    Conductivity  Ul/Ar 

10-1B"  FSL  Cca.              ££~ 

CL  " 

l-^     suitable  for  surface      ,t 

Cl.' 

fTlfi 

0-3"  SiL  Al;    3-12"  SiCL 

SECOND    LAYER      //                         DeP,h                                            T 

r                                  ,     iOtsiurbed    Sompletl      STRUCTURe  ABREVIATI0NS 

Lab  texture  0-12"  SL/  o  ^ 
SCL.                                        i. 

53 

,',      use. ,  48-120"  use  for 
•-*       subsurface. 

B21    (m2pr/m2bk);    12-30" 
CL  (m2Pr/m2bk);    30-42" 

Quality  ' /         J 

6r.    T^-ShaU    contact                      very    fine vf 

CONVENTIONAL    AND    SPECIAL  MAP    SYMBOLS 

Depih                                 | 

i-es,  complex  swaie 

CL  B3;    42"+   Cca.      Many 

Divides     Mil    mu.enui 

SOU-     PROFILE    SYMBOLS                          medium                           m 

Cs 

HO.     3    VUU-H.  ,    4UU'b.                                                 with    8J.1CK    spots. 

lime  concretions   42-66"; 

66-78"  burled  horizon; 

INFORMATIVE        SYMBOLS 

LAND    FEATURES 

WATER    FEATURES 

eij     of  W>  Cor.                                                       Small  area  of  rolling 

—iz- 

CL. 

"TT    0-18"  best  for  Bur-                                    tlU  crests  with 

78"+  Cca. 

OVERBURDEN      DEFICIENCIES 

S          Sond                                              Grade 

G      Blowout 

ikf     Marsh  or  swamp 

5 

face  use.   18-120"                                        cobble  and  boulders 

Lab  texture  0-12"  Hv   L. 

( for    plant  medio) 

LS        Loom.  Sond                                    structureless    ..0 

X      Cloy  spot 

Os     Spring 

l'4800 

T7- 

CL 

-g^*°\    suitable  for  surface                                  on  surrounding  areas. 

use.                                                                    0-1"  SiL  A2;   1-4" 
- ft-y-     2-4%  complex  foot                                        SICL  AB;    4-9"  SICL 

slope  below  till  and                                  B21  (mlpr/t2bk);    9- 

a     Sodieity 

s     Salinity 

h    Clay  (very  fine  texture) 

v    Coarse  (very   sandy  texture) 

Gravelly  spot 

-6-     Well  .artesian 

SECTION  14,  T.  I4SN.-R.88W. 

-^VL 

^ 

— —      L°°m                                                  strong        '         "*3 

0      Gumbo.slick  or  icoby  spot(»odic) 

=      Dumps   and   similar  nonsoi  areas 

V     Rock  outcrop  (includes  stale  and  sandstone) 

-O      Well,  irrigation 
t      Wei  spot 
PITS 

/V 

uniteo    states 

department    of    the    interior 

Bureau    of     reclamation 

"icT      SaldSTayLoan,                      IZEi 

sicTl     Still    Cio     Loom                               prismatic    pr 

S  C         Sondy  Cloy                                         blocky bk 

c         c,°*                                                    angular  blocky    .abk 

" 

CL 

■j^~    sandy  shale  crest                                        18"  SICL  B22;   18-36" 
with  surface  cobble                                    SICL  B3;    36-42"  Cca. 
,,        and  boulders.                                                 Surface  horizons 

p     Restricted   permeability 
q     Available  moisture  capacity 
d    Depth   of  suitable  overburden 

.V     Baked  rock  -clinker  ( local  name  scoria) 
!»     Slide  or  slip  (tips  point  upslopi) 

X     Grovel 
V     Mine 

(, 

RESOURCE     S     POTENTIAL      RECLAMATION     EVALUATION 
BEULAH    TRENCH   RECLAMATION  AREA 

-^r 

CL 

vi"-     Slopes  of  10-16%  are                                  strongly  influenced 

x    Stoniness 

00     Stony  spot, very   stony  spot 
H     Creosewood 

DAMS 

J 

L 

WEST  RENNERS    COVE    COALFIELD  -  NORTH, DAKOTA 

s&- 

CL  " 

cannon.                                                              by  depreBeions  in 
-~Z    0-2"  SiL  Al;    2-5"  SiL                                30%  of  area.      Lime 

AB:     S-10"    SICL    B2                                                         i>nH    colt    *r>nnnil*Hnna 

TOPOGRAPHIC      DEFICIENCIES 
g     Slope  (including  gradient 

ond  complexity) 
r     Massive   lenticular  sandstone 

ond/or    Glacial  erotics 
c    Cover 

SiC        Siit»  Clo,                                          subangular   blocky    .  sbk 

<3J     Medium  or  smell 

1 

r 

DETAIL  LAND  CLASSIFICATION 

(m2pr/m/f2bk;    10-18"   CL                               42"+. 

B3;   18"+  Cca.,  Lime                                    Depth               SAR 

accumulations  at  24"+.                              18-36"              S.  2 

F         Fm«                                              single  grain    ...sg 

~~ZT      u.rth.m                                          HISCELLANEOL'S   ABREVIATI0HS 

-JJ-      H                                                        calcic   horizon    Ca 

sodium  adsorpat lon-rntio 

settling   volume    SV 

creviced  cock CR 

T.     FICCHTI. 

DRAW     te-ft'-s?''    __.  RECOMMENDED 

Line  and  salt  accurals-                              72-90"              5.1 
Ho™   at  42"+. 

..SAR 

I 

CMFCKEO                                           APPROVFIi 

Lab  texture  0-18"  SCL. 

BILL  ,NGS.  MONTANA                                OCTOBER   ,9TT     |   |  3  Q  5  "  60  O  "   1  8  7 

Plate  27 


a 

"     ~~T 

Mo.    1   400 'W. ,   300' H.       sp- 
ot SE.   Cor.                        v£t 

No.    6  750'S. ,  400'W.       s~\                                                                    s~\ 

of  NE.    Cor.                         K^f -1                                                           ^J, 1 

c 



Cl_ 

qf 

Ci. 

-jj- 

0-12"  best  for  sur-        «& 

i2£ 

0-42"  best   for  sur- 

■**r 

cu 

*t§~ 

face  use.,  12-42"             '* 
suitable  for  surface     j.«jj 

r^L 

face  use.  ,   42-96" 
suitable  for  surface 

'■ 

^         ^ 

_ 

o^ 

CL 

— 

4-8%  complex  side 

F5(J"TT 

use. ,  96-120"  use 
for  subsurface. 

(?)                  \ 

'                                           V                   ■ 

slope  near  till  crest  -^ 

SCL_ 

"TT" 

8-12%  complex  side 

elope  below  8-35% 
sloping  crests. 

i                     S             y                   >s          i       v 

and  boulders  ,  some        ~^j~ 

SCL' 

-V'f 

- 

■lO                             (                    f       010                                   )        l3"l532 

slopes  up  to  16%.           t  _«, 

*E 

<*W 

0-2"   FSL  Al;    2-12" 

)                      1                         \                     J 

0-1"  SiL  Al;   1-4"         ~"~ 

SiL  AB;    4-7"  CL; 

B2   (m2pr/m2bk);    7-11"  S? 

SCL 

TS" 

FSL  B21    (e2pr/mlbk); 
12-24"   FSL   B22   (clbt/ 

0!O          yS     \           ,       1                      ho        y/ 

L5 

e,o 

mlbk);    24-42"   FSL  B3. 

(         '5"'532   /             ^^              0 

a  B3ca;   U"+  Cca. 

Lime  accumulations 



Large  gravel  and 

44-66".      Average 

M 



cobble  in  profile.          fy 
Lab  texture  0-12"          £g 
Hv   L.                                      ~i*~ 

__ 

depth  to  bedrock  36".    /*~*\ 

q 

Q— 

Cf-  . 

-¥£ 

CL 

TT 

No.    7   MOO'S.  ,   400'E. 

1                             (                                                                * 

o.io 

of  N^  Cor. 

£i 

No.    2   600'S.,   200'W.   -^p 

cl' 

■7? 

0-12"  best  for  sur- 

ho                   \ 

Zg_ 

^Ll 

■ft- 

of  EL   Cor. 

0-24"  best  for  sur-     St*. 

CL' 

*■ 

face  use. ,  12-120" 
suitable  for  slirface 

WO        ©                                       V           I 

1 

3-l532 

+(f 

stir- 

face  use.,  24-120" 

use. 

use  for  subsurface.       ote 

4-8%  complex  side 

»«■ 

S.CL 

,x* 

4-6%  side  slope  in         ** 

CL. 

5, 

slopes  with  cobble 

*ttf 

ST 

rolling  till  terrain.  0il_ 
Cobble  and  boulders        zs 

CL 

TT 

and  boulders  scat- 
tered on  the  surface. 

— /                                 010                          N. 

f- 

£,C£ 

*'"" 

scattered  throughout    et*> 

CI__ 

g.« 

0-1"  SiL  Al;  1-7"  CL 

c¥0 

r~= 

yj.* 

area. 

^~ 

B21    (m2pr/m2bk)   7-12" 

^S9                                |i            ©" 

** 

*■* 

0-6"  loam  AB;    6-24"    ST 

ISili 

1  Jc 

B22t    (m2pr/m2bk); 

■ . 

12-18"  B3ca;    18"+   Cca. 

/        io 

Q 

24-30"  CL  B3ca;                 f^ 

Lime  coated  gravel. in  f**' 
7-12"  zone.     Till           ^— ' 
profile  with  firm 

c 

O— 

5,CL- 

i2£. 

30"+  Cca.                            ^ 

CL. 

TZ* 

. 

S~\                                                        1 

JLrf 

^ 

*' 

No.    3   1300'N.  ,   850'W.  ±*» 
of  SE.    Cor.                          mtt 

0-30"  best   for  sur-     "T9~ 

7F 

5 

till  at  78-114". 

Lab  texture  0-18"  CL. 

- 

© 

~ 

15 

# 

face  use. ,  30-120"        *■*« 
suitable  for  surface 

CL," 

7^ 

No.    8  6S0'E. ,  100'S. 
of  N|j  Cor. 

" 

- 

- 

,   v                1 

3' 

SiCL 

*" 

4-8%  complex  colluvial 

0-30"  best  for  sur- 
face use. ,  30-60" 

- 

- 

15+                 J 

<s                              <# 

1                    0ST           nr 

/       h.s2i6a 

-TT- 

tu  - 

"^ 

foot  slope  adjacent 
to  channel,  some 

suitable  for  surface 

■ 

< #            (io)                          ( 

0  1, 

-  * 

*Z 

slopes  to  35%. 

4-8%  complex  side 

0-3"   SiL  AB;    3-14" 

slope  with  8-15* 

U-3e                                                                \           BID 

B21t   SiCL   (mlpr/f2bk); 

slopes   in  area. 



•! 

14-18"  SiCL  B22t 
(m2pr/f2bk);    18-20"       (9 
B3;    30"+   Cca.      Lime      0  Bo 

0-1"  SiL  Al;   1-4" 

SiL  AB;    4-27"   CL              f^ 

B2t   (m2pr/m2bk); 

Q 

Q 

"S  r 

CL  . 

C7J 

0.7S 

salt  accumulations         z" 

t-f 

27-30"  CL  B3ca; 

■ 

%"" 

-=^ 

(jr_i' 

42"+.                                  osi 

*t 

Ofo 

30"+  Cca.      Lime 

. 

«/* 

O  >J 

Depth                   SAR              «* 

CL 

«i 

accumulations  at 

*" 

Li' 

'S 

0-24"                                      „„ 
96-120"               6.4         ~Tir- 

CL- 

i  t 

30"+. 

. 

I.K 

Li 

TT1 

No.    4  1100'E. ,   450'N. 



No.    9   2400'W. ,    of 
E^  Cor. 

- 

- 

0        ^S5V 

f.go 

L5- 

_!■_•';; 

of  S'g  Cor. 

0-18"  best  for  sur- 

■ 

'4    °6                  V^^^ 

" 

n-12"  suitable  for 

face  use. ,  18-60" 

- 

surface  use. ,  12-90" 
use  for  subsurface. 

8-35%  complex  side 

suitably  acceptable 
2-4%  slopes  on  bench 

- 

__/               HO    ^^V 

■V,                                                         ^«— 3  si                       ^v 

slope  below  till  crest 

remnant. 

s— 

with  scattered                  __ 

0-1"  SiL  Al;    1-4" 

(2 

boulders  and  cobble.     \fO 

—— 

SiL  BA;   4-8"  B21t          f"j 

L 

nyj 

0-2"  SL  Al;    2-4"         _ZJt£ 
SL  AB;    4-10"   FSL  B       /^- 

SL 

ft 

(m2pr/f2bk);    8-14" 
CL  B22t   (m2pr/m2bk); 

- 

EXPLANATION 

liL,,                          ©              (                          ^^ 

y~^                                                                             )        ^L-r           © 
/^    ^"N.                                                           J        i_^_ 

horizon;   10"+  CI            ** 

C(_. 

14-17"   CL   B3ca;    Cca 

/-» 

FSL 

TT7 

horiion  with  trace       ^  3g 

7 

17"+.      Large  gravel 

SOIL  PROFILE   NOTES 

£.!£. 

FSL 

"S*- 

of  lime  at  16";             ~^~ 
average  depth  to  LS 

SCL 

■%r 

and/or  cobble  through- 
out profile. 

■ 

LANC 
LAND  CLAS 

CLASSIFICATION     SYM30LS 
\_   '  ^* —  Topoa<ophic  deficiency 

PROFILE    REPRESENTS    5'  DEPTH 

©s.,L,TOF,E    „UUBE„ 

material  est.   at  30". "TT 

1        ^S                          "V                                   ^r-                                 '              '3-fa-l- 

J-33 

F5L" 

0  to 

Lab  texture  0-12"  SL.^ 

-?•- 

z  So 

No.    10   12S0'W. ,   400'S. 
of  E5j  Cor. 

- 

SURFACE    LAYER 
Quality ■ 

3SI                                                |nf„Imn. 

-T—Z r—   oq Informal 

ve  symbol! 
UTERIAL 

CL. 

2.8 2.8  EC  mmhoi/cm.    Sal.  E*1. 

8.4-8.0        8.4pK    US    Soil-Waler   Susp* 
B.OpH    Soil-CaCI2    SU)pem>o 

;- 

i 

*-            ^- -^         ^ 

zz3sh~ 

tT\     GEOLOGIC    M 

-   fS 

No.    5  650'N. ,   300'W.  J_LL 

;2 

0-18"  best   for  surface 

// 

.63 
24 

.65   Hydraulic    Conductivity  in/hr 

STRUCTURE  ABREVIATI0KS 

*" 

L  . 

Pi 

of  Z\  Cor.                         * s 

"'-   " 

use. ,  18-48"  suitable 

- 

SECOND    LAYER 

// 

> Depth 

LLC 

(Oiiiurbed    Somplei) 

S17G 

L. 

— 

0-36"  best  for  sur-     '-"•' 
face  use. ,   36-120"        " 

'''-"■ 

?ZTi 

for  surface  use. , 
48-120"  use  for  subsur- 

- 

Depth  - 

/ 

■t™ 

- --«./,  „„w 

'* 

BJL. 

Divides   soil  moteriol 

suitable  for  surface 

8-10%  complex  side        *- x 

SOIL     PROFILE    SYMBOLS 

coarse 

6-8%  complex  side 
slope  below  till 

slopes  with  some            \j 

INFORMATIVE        SYMBOLS 

C  ON  v  i  N  T IOKI A '       Aiun    cocriAi     »,.ad    cvunni  c 

slopes  to  35%  adjacent 

OVERBURDEN      DEFICIENCIES 

s 

Sand 

Btructureless    . .0 

LAND    FEATURES 

WATER  FEATURES                                                                                                               .ai\t\ 

(for    plant  media) 

l;4800 

0-2"  SiL;    2-10"  loam 

0-2"  SiL  Al;    2-10"  CL 

0     Sodicity 

SL 

Sana,  Loom 

moderate    2 

G      Blowout 

*    Mo""  "'  """                                                          SECTION   22  ,  T.  145  N  -R  88  W. 

B21   (m2pr/m2bk); 
10-24"  loam  B22 
(c2pr/c2bk);    24-36" 
B3   FSL;   36"+  Cca. 
Lime  nettings    60-102". 

B2   (m2pr/m2bk);    10-14" 
CL  B3ca  (clpr/m2bk); 
14"+  Cca.      Mottling 
at  66"+  with  an  oxidized 
sandy   layer   from  84-96". 

- 

s     Solinity 

h     Cloy  (very  fine  texture) 
v    Coarse  (very   sandy  texture) 
p    Restricted   permeability 
q     Available   moisture  capacity 

Si    L    ' 

CL_ 

Silt  Loam 

Sandy  Cloy  Loam 

Silfy   Cloy  Uam 

platy   pi 

collar    Cpr 

angular  blocky    .abk 
subangular  blocky    . sbk 

JJC.      Cloy   spot 

Grouelly  spot 
0      Gumbo,  slick   or 

V     Roch  outcrop  (i 

■6-     Well,o,le.ion                     -*" 

scoby  spot  (sodicl                                o-      Well,  irngotion                          i 
ilor  nonsoi  areas                                    t       Wet  spot 
.eludes  stale  and  sandstone)        PITS 

UHiTED      STATES 
DEPARTMENT      OF      THE      INTERIOR 

RESOURCE     a     POTENTIAL     RECLAMATION    EVALUATION 

Lab  texture  0-24" 

Lab  texture  0-12"  SCL/L. 

d    Depth   of  suitable  overburden 

Sandy  Clay 

BEULAH    TRENCH   RECLAMATION  AREA 

Hv  SL. 

x    Stoniness 

— ':~ 

V.      Poked  rock  -  cl 
\>     Slide  or  sllpOi 

nfcer  I  locnl  nome  scorio)                   _     Gf^H 

ps  point  upslope)                                   <>                                                       — 

»  ,lony  vol                                  0AHS       "                                          "] 

L 

WEST  RENNERS    COVE     COALFIELD  -  NORTH  DAKOTA 

TOPOGRAPHIC      DEFICIENCIES 

~V"" 

Silly  Clay 
Shall 

granular    gr 

crumb    cr 

OH]     Stony  spot.wer 

r 

DETAIL  LAND  CLASSIFICATION 

g     Slopelincluding  gradient 
and  complexity) 

:.  ■.  ~~ 

Sondslont 

single   grain    .. .sg 

H     Greosewood 

<31     Medium  or  imoll 

r     Massive   lenticular  sandstone 
and/or   Glacial  erotic* 

~ 

LIBM 

MISCELLANEOUS  ABREVIAT10NS 
calcic   horizon    Co 

|| 

I 

ORAWN     LE.*LLSOf R£COMMEHOED 

sodium  adsorpation-ratlo    ...SAR 

I 

creviced   rock CR 

m 

checked ^ ap 

„^,NOS.„ONT*n«                            OCTOBER  „T,    |  |  3  Q5  ~  6  O  O  "  1  88 

Plate  28 


No.    1  700*E. ,    220'N. 
of  SW.    Cor. 

0-48"  best   for  sur- 


€K^ 


ui table  for  surface 


subsurface. 
4-63;  complex  gently 
sloping  area  with 
some  slopes  to  15%. 
0-6"  FSL  Ap;    6-15" 
loam  B2   (clpr/c/ 
m2ok);    15-48"  SCL 
B3;    48"+  a. 

No.    2  700 'N. ,    600' 


No.    6  2100*  E.    of  WL 
Cor. 

0-12"  best   for  sur- 
face use.,  12-102" 

use  for  subsurface. 
2-4%  complex   foot 
slope  with  slick 


Gt^m 


(Z) »■  °f  si  c°r-  (7) 

jtoT H     -,*      0-30"  preferred  sur-      ?*£ =, 


4-8%  complex  sandy 
crest,  cobble  and 
boulders  scattered 
on  surface. 
0-2"  SL  Al;    2-6"  SL 
AB;    6-15"  FSL  B2 
(clpr/clbk);  15-30" 
FSL  B3;    30"+  CI.  , 
cresty  soft   sandy 


.<3U 


shale 
Lab  ti 


72"- 


No.    3  1600'N. ,   300'H. 
of  S'3  Cor. 
0-36"  best  for  sur- 
face use. ,   36-120" 
suitable  for  surface 

2-4%  complex  slopes 
into  a  colluvial 
swale  below  gently 
rolling  sandy  shale 

0-7"  loam  Ap;   7-14" 
S1L  B21    (m2pr/m2bk); 
14-24"  CL  B22t;    24-36 
CL  B3;    36-48"  CL  Clca 
42"+  C2.      Lime 
mulations  from 
36-48". 

Lab  texture  90-108" 
SL. 


ca; 


50' 


16% 


.Q-. 


3-U 


No.    4  1S00 

S.   of  E^  Cor. 

0-24"  best  for  su 

face  use. ,  24-102 

use  for  subsurfac 

4-6%  complex  slop 

along  sandy 

with  slopes 

in  area. 

0-7"  SL  Ap;    7-14" 

SL  B2   (clpr/clbk); 

14-24"  SL  B3;    24"+ 

CI".      Iron  mottling     _, 

at  84"+;  traces  of 

lime  at  72". 

Lab  texture  0-24"  SL; . 

42-60"  LS. 

No.    5  1650'H. ,   ISO' 
N.    of  EV,  Cor. 
0-36"  best   for  sur- 
face use.  ,  36-120" 
suitable  for  surface 


4-6%  complex  slopes 

into  a  swale;   col-        y""\ 

luvial  soil.  KZf — ^ 

0-1"  SiL  Al;   1-4"      - 

SiL  AB;   4-10"  SiL 

B21    (mlpr/m2bk); 

10-24"  CL  B22   (clpr/ 

ndbk);    24-36"  CL 


36"+  Cca. 
Ub  texture  0-12" 
Lt.    CL;    54-78" 
SCL/SL. 


Si    L 


rfae 


cobble  and  boulders. 
0-3"  FSL  A2;    3-6" 
CL  (m2cpr/f2bk); 
6-12"  CL  B3ca    (vclpr/ 
c/mlbk);   12"+  Cca. 
Lime  and  salt  accu- 
mulations 12"+. 
Sandy  shales  at   54"+. 
Strong  shale  influ- 
ence at  24"+. 
Depth       SAR       GYP        - 
12-24"     15.2     -0.8 
54-78"     26.7 

No.    7  1000'S.,    600' 
E.    of  »\  Cor.  j 

0-12"  best   for  sur- 
face use. ,  12-120" 
use  for  subsurface.  Jl 
8-35%  complex  side 
slope  adjacent  to 
small  tributary.        — 
0-2"  FSL  Al;    2-5" 
FSL  AB;    5-9"  FSL 
B2   (c2pr/m2bk); 
FS  CI.      Mottling 
influence  at  60"+.     _£ 
Narrow  wet  alluvial 
bottom  within  mapping 
unit.  o 

Lab  texture  0-12"      ~ 
Lt.    SL;    12-36"  Lt.    SL. 

(Jo.    8  1100'E.  ,   650' 
N.    of  w°3  Cor. 
0-24"  best   for  sur- 
face use.,   24-108" 
suitable  for  surface 


No.    11    550 'E,    of  N*j 

Cor. 
>  0-24"  preferred  sur- 
-  face  material. ,   24-60"  ' 
_ acceptable  for  sub-       „, 

2-4%  complex  alluvial_» 
bottom.  a 

0-1"  SiL  Al;    1-3"  SiL_i 
AB;   3-7"  SiL  B21 
(mlpr/mlbk);    7-14"        ± 
SiL  B22  (c2pr/c2bk);       ' 
14-27"  SCL  B3ca;    27"+ 
IC;   gr.   sande.  ~ 


@ 


for 


<§--. 


rfl-a 


@ 


Alluvial  bottom. 
0-2"  SiL  Al;   2-7" 
SiL  AB;    7-12"  SiL 
B21    (m2pr/m2bk); 
12-18"  SiL  B22 
(c2pr/m2bk);   18-30" 
B3ca;   30"+  Cca; 
stratafied  SL/SCL 
42-60";   water  table 
at  84";   sands  at 
108"+. 


GU 


Lab  1 
SCL. 


■   30-42" 


No.    9  1320'E.  ,   1000'  — 
S.   of  NW.   Cor. 
0-24"  best  for  sur- 
face material. , 
24-72"  use  for 

4-6%  slope  near 
crest  of  hill  with 
scattered  cobble 
and  boulders.     Slopes 
to  15%  in  this 
mapping   unit. 
0-1"  SiL  Al;   1-3" 
SiL  BA;   3-7"  SiCL 
B21    (m2pr/m2bk); 
7-11"  SiCL  B22 
(c2pr/m2bk);    11-24" 
SiCL  B3ca;    24"+  Cca. 
Baked  shales   (scoria) 


No.    12  1300'S.    100'W. 

of  Nl4  Cor. 

0-18"  best   for 

face  use.,  18-: 

use  for  subsurface. 

.4-6%  complex  foot 
.  slope  below  gently 

rolling  crest. 

0-2"  SiL  Al;  2-4" 
•  SiCL  AB;   4-12"  SiCL 

B2t    (m2pr/f2bk); 

12-16"  SICL  B3    (c2pr/ 

m2bk);    16-36"  SiCL 

Cca.      Lime  and  salt 

accumulations  at   54"+ 

Depth  SAR       Text. 

0-18"  2.3        CL 

30-48"       12.1 

No.    13  1300'S.  ,   800' 
E.    of  H\  Cor. 
0-24"  best  for  sur- 
face use. ,    24-54" 
,  suitable  for  surface 
use.,   54-72"  use  for 
subsurface. 
4-6%  complex  foot 
slope  below  gentle 
till  crest. 
0-6"  CL  Ap;   6-10"  CL 
B21    (m2pr/m2bk); 
10-15"  CL  B22  (c2pr/ 
c/m2bk);    15-24"  SiCL 
B3;   24"+  SiCL  Cca. 
Lime  accumulations 
at  24"+. 

Depth       SAR       Text. 
0-24"  SCL/L 

54-72"     11.0 

No.    14  1050'W. ,   820' 
S,   of  NE.   Cor. 
0-18"  best  for  sur- 
face use. ,  18-30" 
suitable  for  surface 
use.,  30-120"  use 
for  subsurface. 
4-8%  complex  side 
slope  below  till 
crest,  some  slopes 
to  15%. 

0-7"  CL  Ap;    7-14"  CL 
B2  (vc2bk/c2bk);   12-14" 
structure  approaching 
weak  coarse  prismatic 
clay  pair  to  14";   14-18" 
CL  B3ca;    18-30"  CL  Cca; 
30"  CL  till;   salt  accu- 
mulations at  14"+;   very 
hard  surface  and  dense 
subhorizons. 
Depth         SAR       GYP 
30-54"  9.2      -2.0 

78-102"     10.6      -2.4 


- 

-t£ 

SilK 

-#■ 

SCL 

"rf" 

£2 

i  tie 

,z 

"rr 

CL" 

-£ir- 

Cl_  . 

1 

No.    15  450'E. ,    400 
of  NE.    Cor. 
0-12"  best  for  sur- 
face use. ,  12-72" 
suitable  for  surfa 

i  UBe. ,  72-120' 
subsurface. 

1  2-4%  complex  slopes 
with  colluvial  soil 
adjacent  to  swale. 
0-1"  SiL  Al;    1-4" 
SiCL  AB;    4-8"  SiCL      " 
B2   (c2pr/m2bk);    8-14" 
SiCL  B3ca;   14"+  Cca; . 
reddish-brown  soil 
42"+;  salt  crystals 
96"+;   till  influenced 
outwash  to  42" 
deep  reddish-brc 
subhorizons;   dense 
till  influencing  96"+._^ 
Soil  not  extensive 
enough  for  mapping       _j_ 
unit. 

'  No.    16  19S0'W. ,   600'  _£ 
N.    of  l\  Cor. 

0-6"  best  for  surface  j_ 
use. ,   6-120"  use   for     ' 

6-8%  side  slope  below 
till  crest,  some  slop< 
to  16%. 
0-1"  SiL  Al;   1-6"  CL 


'@u, 


AB;    6"+ 


Cca; 


alt 


Shk* 


at  30"+;  . 
g  shale  influence" 
11  18-54";   sandy_^ 

SAR     GYP     Text 


78-102"  16.6 


500' 


No.    17    1720'N, 

0-42"  best  for  sur- 
face use.  ,  42-120" 
suitable  for  surface 

Swale  with  2-4%  com- 
plex slopes  and  col- 
luvial soil. 
0-6"  SiL  Ap;   6-12" 
SiCL  B21t   (c2pr/ 
m2bk);   12-24"  SiCL 
(c2pr/m2bk);    24-42" 
SCL  B3;    42-54"  Cca. 


■tt- 


Depth 
24-42" 
42-54" 
54-78" 
78-96" 
96-120" 


Text. 
Lt.  SCL 
Lt.  SCL 
Lt.  SCL 
Hv  SCL 
Hv     SCL 


No.    18   1100'E. ,    200' 

No.    21   1500'E.  ,   700*N. 

N.    of  SW.    Cor. 

(ti)                       of  W'a  Cor. 

0-36"  best  for  sur- 

Zlf.   0-30"  best   for  surface 

face  use. ,  36-72" 

•+ 

use.  ,    30-B4"  suitable 

suitable  for  surface 

**, 

L 

-?£■    for  surface  use. ,  84-120" 

subsurface. 

"      Alluvial   bottom  with 

6-8%  complex  side 

7-B.e 

SCL 

o.io     complex  0-2%  slopes. 

slope;   profile  is 

" 

■■*      0-2"  SiL  Al;    2-7"  SiL 

located   in  a  gullied 

'       r" 

3      AB;    7-12"  SIL  B2t 

swale. 

L 

j^TTs  (vclpr/c/mlbk);    12-18" 

0-7"   FSL  Ap;    7-18" 

= 

loam  B22    (clpr/c/mlbk); 

CL  B21    (c2pr/c/m2bk); 

j:j^ 

s  ■ 

J^i-    18-30"  loam  B3;    30"+  Cca. 

18-30"  CL  B22   (c2pr/ 

Lime  ruttings   42"+.      Salt 

c/m  bk);    30-36"  SCL 

_^T"i_ 

SCL 

■jj-     accumulations   108-120". 

B3. 

i 

Lab  texture  0-12"  Hv  SL. 

Depth           Text. 

0-18"            Hv  SL 

18-36"          Hv  SL 

36-54"          Hv  SL 

54-72"                SL 

No.    19   1300 'E.    of  SW. 

Cor. 

0-18"  best   for  sur- 

— 

face  use. ,  18-42"  suit- 

able for  surface  use. 

42-120"  use  for  sub- 

surface. 

6-8%  complex  sloping 

surface.     Profile 

near  crest. 

0-6"  FSL  Ap;    6-18" 

FSL  CI;  sandy  shale 

fragments  influencing 

textures  84"+. 

Profile  sandier  with 

depth. 

Lab  texture  0-6" 

SCL/SL. 

No.    20  1000 'E. ,    200' 

N.    of  Wjj  Cor. 

0-24"  best  for  sur- 

face use.  ,  24-120" 

suitable  for  surface 

2-4%  complex  slope. 

Residual  bench 
remnant. 

q 

0-1"  SiL  A2;   1-7" 

CL  AB  (old  Ap.); 

7-12"  CL  B2t    (m2cpr/ 

f2bk);    12-30"  CL 

B3ca;    30"+  R.      Salt 

crystals  72"+. 

Depth       SAR     Text. 

0-12"                   Hv  CL 

- 

12-30"                 Lt  C 

30-48"     3.9     Lt  C 

EXPLANATION 


LAND    CLASSIFICATION    SYMBOLS 
LAND  CLASS  - 

Ss'f 

GEOLOGIC 
-  Oepih 


SECOND    LAYER 


SOIL  PROFILE    NOTES 
PROFILE    REPRESENTS    5'  DEPTH 


©> 


36"+ 


Lab  1 


ure  0-12"  CL. 


No.    10  700'S.  ,    500' 
E.    of  NW.    Cor. 
0-12"  best   for  sur- 
face use. ,  12-90" 
suitable  for  surface 
use.,  90-108"  UBe 
for  subsurface. 
6-8%  complex  side 
slope  near  till 
crest. 

0-6"  CL  Ap;    6-9"  CL 
B2  (m2pr/m2bk);   9-15" 
CL  B3ca;   15"+  Cca; 
shaley  till   from  42-90". 
Salt   accumulations  at  42" 
Depth  SAR 

90-108"  7.2- 


INFORMATIVE        SYMBOLS 

OVERBURDEN      DEFICIENCIES 

( for    plant  medio  ) 

a  Sodicity 

s  Salinity 

h  Cloy  (very  fine  texture) 

v  Coarse  (very   sandy  texture) 

p  Restricted   permeability 

q  Available   moisture  capacity 

d  Depth   of  suitable  overburden 

*  Stoniness 

TOPOGRAPHIC      DEFICIENCIES 

g     Slope  (including  gradient 

and  complexity) 
r     Massive   lenticular  sandstone 

ond/or    Glacial  erotics 
c     Cover 


11305-600-189 


Plate  29 


Q 

^ 

No.    1   U50'W.  ,   400'S.     /J\                         No.    6  1000*S.  ,   900'H.   /*>                                                                           /-~\ 

of  Ejj  Cor.                              ^-1 =]    .,,     of  NE.    Cor.                           v_-f 1                                                                  V_^ 

c 



c 



-*# 

Ci. 

4.5 

0-1B"  best  for  sur-     ~zT 
face  use. ,  18-120" 

L 

ti.3v  0-36"  preferred  surface 
material. ,  36-108" 

•it 

CL 

7TT- 

suitable  for  surface      z« 

— 

t  i       acceptable  for  surface 

i" 

/                  .                > 

V                1 

2-4%  complex  slopes      -~f 

fSL 

*■**      2-4%  complex  side  slope 

2 1      yd     V |3_|7 

^T 

CL 

:■" 

r  on  bench  remnant;  till 

'        slopes  to  16%  in  area. 

f 

.all 

soils. 

0-2"   FSL  Al;    2-5"  SiL 

iTT'            ^s 

■XL. 

CL 

I    : 

0-5"  CL  Ap;    5-1 5"  CL       if 

SCL 

-f"^-     AB;    5-10"  SiL  B2   (m2pr/ 

■ 

0  rr-^ 

_°M 

CL 

TT 

B2t  (2mpr/m/f2bk); 

15"+  Cca.     Thin  clay      "/' 

m2bk);    10-36"   FSL  B3; 
o.7s     36"+  C.      Lime  accu- 

© 

skins  on  vertices. 

FSL 

/L"">   mulations  at  84"+. 

1           \ 16-U 

og 

CL 

JH- 

Salt  crystals  and  till 
at  42"+. 

Average  depth  to  sandy 
shales   from   20  to  42". 



W  /             v 

1                   1 

& 



No.    2  6S0'N.  ,   650'W.       (~~ 
of  SE.    Cor. 

_ 

o 

c 

V                Is-It 

f 

6  • 

0-12"  best  for  pre- 

1 

*■*" 

CL 

•-  •' 

ferred  surface  use. , 

\        f~~"^ 

6~U 

ZS 

B* 

12-78"  suitable  for 

V 

23 

CL 

irf 

6-8%  complex  side 
slope  below  rolling 

a  _ 

'~- 

crests  to  16*  till 

soils. 

0-2"  CL  Al;    2-9"  CL 

B21t  (f2pr/f2bk); 

9-13"  CL  B22t   (m2pr/ 

" 

1^+      J   f 

^     '       2st      va 

( ^^w       !2326-t 

m2bk);    13"+  Cca.     Lime 

and  salt  accumulations 

£ 

L_ 

36"+;    till   12"+. 

Lab  texture  0-12"  SCL.(^ 

_ 

c 



Q                       n_                     (^ 

s^y^     ♦  /  © 

%     / 

33 

CL. 

-TT 

No.    1    SOO'N. ,   450 'W. 

tV^        / 

?■*> 

rr- 

olS 

of  e!j  Cor. 

. 

Ie24         /               S 

S  j 

TT 

0-18"  best  for  sur- 
face use. ,  18-120" 

- 

FS 

use  for  subsurface. 

* 

"■*• 

4-8%  complex  side 



_ 

slope  below  gentle 

_ 

££i<r- 

s 

a*-jj 

till  crest  adjacent 
to  draw.     Slopes  to 

- 

1^~ 

s. 

4$ 

16%  in  area. 

0-2"  CL  Ap;   2-7"  CL 

B21t   (m2pr/m2bk); 

0 

7-14"  CL  B22t   (m2pr/ 

' 

— - 

l624S 

§ 

SiL- 

-~ 

m2bk);    14-18"  B3              ^ 
IIC  18"+  sands.     Thin  (^ 

ticea. 

c 

c 

c 

°h 

"<• 

SCL 

*•** 

1 

e.l* 

*J* 

No.    4   500'S.,   200'W. 

'6+ 

~*S 

CL 

TT 

of  NE.    Cor. 

est. 

'...,' 

*.» 

0-30"  best  for  sur- 

" 

it. 

~ 

** 

face  use.,   30-120" 

— i 

— 



,n 

s.al 

TT 

suitable  for  surface 
4-6%  complex   foot 

- 

: 

" 

" 

" 

3s'        "9        J_ 

l2-326+     ^ 

c^_: 

slope  adjacent  to 

- 

- 

■J^L 

Sl: 

7z~ 

swale  colluvial  soil. 
0-1"   FSL  Al;    1-3"   SiL 

- 

- 

(       ID 

AB;    3-14"  SiL  B2   (m2pr/ 

(? 

CL 

r^r 

ra2bk);    14-30"  SCL           ^~v 
B3  Cca  36"+;  carbon-    \_^ 
aceous  influence  at 

c 

EXPLANATION 

\                            © 

m     y 

66"+.     Salt  crystals 

—ZT 

_  - 

'-* 

at   78"+. 

. 

SOIL  PROFILE    NOTES 

~^ 

«*> 

Lab  texture   66-78"  SCL; 

LAND     CLASSIFICATION     SYMBOLS                                     PROFILE    REPRESENTS   5' 0EPTH 

v                  1 

i* 

T^ 

#.* 

78-102"   Hv  SL. 

No.    5  1200'W. ,    500'S, 

■ 

LAN0  CLASS .            . Plont   medio   deficiency                               (3_)  soil    profile     NUMBER 

Sol.  Eit. 

3S*        vol               '6-h 

^Va    "9 

3af^         opogrop  ic     e  iciency 

2  6 2.8  EC  mmhoi/cm. 

l2-326+    A 

.__. 

of  WE.    Cor. 

. 

. 

SURFACE    LAYER         og Informohve   symbols 

Quolity ~~Z£-5?t~      3-^\      GEOLOGIC    MATERIAL 

CL' 

B.  OffH    Soil  - 

:oCi;   Suspension 

1             DID  '        X^- / 

l2-326+  " 

- 

0-30"  best  for  surface 
use.  ,  30-66"  suitable 
for  surface  use. 

. 

Depth    // 

SEC0N0    LAYER      // 
Quolity  '  / 

V Qtioiijy                                    6S 

L 

65   Hydraulic    Con 

uctlyity  In/hi                  STRUCTURE  ABREVIATIONS 

- 

- 

Depth                                         2A 

24  Settling    Volu 

ple,)                               Size 

0-2%  complex  slope 

into  gentle  swale                1 , 

■ 

^_ 

""■""-  JO*/*    ftiwirW 

fine    f 

Divides   soil  moteriol 

near  till  crest. 

end   nonsoil   moierio)                                                                              S0'L     PR0RLE    SYMBOLS 

Slopes  to  16%  in  area/"""" 
0-1"  SiL  Al;   1-3"          ^~ 

c 

INFORMATIVE        SYMBOLS 
OVERBURDEN      DEFICIENCIES 

S 

Sand 

Grade 

structureless    ..0 

CONVENTIONAL     AND    SPECIAL    MAP    SYMBOLS 
LAND    FEATURES                                                                      WATER    FEATURES 

CL  BA;   3-8"  B21 

(c2pr/m2bk);    8-16" 

' 

■ 

(for    plant  media ) 

5  L 

Sandy  Loom 

O      Blowout 

-i-     Marsh  or  swamp 

1  4800 

CL   B22   (m2pr/m2bk); 
16-30"  CL  B3;    30"+ 

■ 

■ 

o     So  di  city 
s     Salinity 
h     Clay  (very  tine  texture) 

X      Cloy  spot 

Grovelly  spot 

0\      Spring 

-CV     Welt, artesian 

jr 

SECTION   34,  T  145  N  -R  88  W 

Type 

UNiTEO      ST&rES 

Cca. 

v     Coarse  Ivery   sandy  texture) 
p     Restricted   permeability 

0      Gumbo.ilich   or  scaby  spot  (iodic) 

■O-      Well,  irrigation 

OCfaftTMEUT      of      THE      INTERIOR 

Lab  texture  0-12"  L. 

_ 

_ 

~~~ 

Clay  Loom 

=      Dumps   and   similor  nonsoil  areas 

t      Wei  spot 

a 

BUREAU     OF      RECLAMATION 

- 

a     Available  moisture  capacity 
d    Oeplh  of  suitable  overburden 

«L 

Sondy   Cloy 

angular   blocky    .abk 

V      Rock  outcrop  (includes  shale  an<l  sondstone) 
V.      Baked  rock  -  clinker  ( local  name  scoria) 

CITS 

X      Gravel 
V     M.ne 
DAMS 

RESOURCE     a     POTENTIAL     RECLAMATION    EVALUATION 
BEULAH     TRENCH   RECLAMATION    AREA 

■ 

— £— 

Cloy 

subangular  blocky    .sbk 

[>     Slide  or  slip  (tips  pomi  upslope) 

J 

\_ 

WEST  RENNERS     COVE     COALFIELD  -  NORTH  DAKOTA 

■ 

TOPOGRAPHIC      DEFICIENCIES 
g     Slope  (including  gradient 

and  complexity) 
r     Massive   lenticulor  sandstone 

and/or    Glacial  erotics 
c     Cover 

jt 

s2CI°y 

S^nular gr 

fj(fl     Stony   spot, very   stony  spot 
H      Greosewood 

1 

r 

DETAIL  LAND  CLASSIFICATION 

■; 

ModL 

single   grain    ...sg 
MISCELLANEOUS   ABR£VIATIONS 

sodium  adsorp.ition-ratio    ...SAR 

<g     Medium  or  small 

SOILS      T   ""'"''-                     SUBM,TTED 

DRAWN  _L_C_*LLjIO£ R£COMM£NO£0 

settling  volume               SV 
creviced   roc- CR 

1 

«LL,»M.«0»HAM                             OCTOBER  „T,     |   |  3  Q  5  "  6  O  O  "    1  9  O 

Plate  30 
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OlL^ 


I-  12,000 


UNITED      STATES 
:partm£nt     OF    the     interior 
BUREAU    OF      RECLAMATION 

POTENTIAL    RECLAMATION    EVALUATION 


BEULAH    TRENCH  RECLAMATION  AREA 
WEST  RENNERS    COVE     COALFIELD  -  NORTH  DAKOTA 

DEPTH  OF  USABLE  MATERIAL 


soils  .  r-£!K?J£ s 


.   RECOMMENDED.. 
APPROVED 


HOVEMBER-13. 


"  11305-600-191    : 


Plate  31 


H 


*«- 


I    12.000 


UNITED      STATES 

DEPARTMENT      OF     THE      INTERIOR 

BUREAU    OF      RECLAMATION 

RESOURCE     3     POTENTIAL     RECLAMATION     EVALUATION 

BEULAH     TRENCH  RECLAMATION   AREA 

WEST  RENNERS     COVE     COALFIELD   -  NORTH  DAKOTA 

SUBSURFACE  MATERIAL 


soils  -T-? 
CHECKED, . 


NOVEMBERJ9T7      [1305-600-192" 
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The  results  in  the  preceding  table  indicate  that  98.3  percent  of  the  land 
in  the  Beulah  Trench  Study  Area  contains  an  adequate  supply  of  suitable 
overburden  (soil  and/or  bedrock)  for  revegetation  if  surface  mining  occurs. 
Suitable  plant  material  will  usually  exceed  the  revegetation  requirements 
in  Classes  1  and  2,  will  be  adequate  in  Class  3,  and  will  be  deficient  in 
Class  6.   About  10  percent  of  the  land  will  require  additional  material 
for  plant  media.   Two  percent  of  the  land  is  Class  6  and  rights-of-way;  the 
remaining  8  percent  occurs  as  small  interspersed  inclusions  in  Classes  1, 
2,  and  3. 

The  land  suitability  survey  provides  adequate  data  for  developing  the 
reclamation  portion  of  the  mining  plan;  however,  it  does  not  provide  adequate 
detail  for  stripping  and  stockpiling  operations  during  the  surface  mining 
operation.   Additional  field  borings  and  observations  supported  by  laboratory 
data  may  be  required  to  more  accurately  determine  the  quantity,  quality,  and 
location  of  suitable  material  to  be  stripped  and  stockpiled. 

Overburden  Suitability 

Soil  Mantle  Suitability 

In  general,  the  deep  residual,  glacial,  and  alluvial/colluvial  soils  in  this 
study  area  should  provide  an  adequate  supply  of  suitable  topsoiling  material 
for  revegetation  if  surface  mining  occurs. 

The  A  and  B  horizons  of  most  soils  in  the  study  area  appear  well  suited  for 
topdressing  shaped  mine  spoils.   These  horizons  are  nonsaline  and  nonsodic. 
Mixing  of  these  horizons  during  the  stripping  process  should  not  appreciably 
change  the  quality  of  the  material. 

Soluble  salts  have  been  leached  to  a  depth  below  30  inches  in  deep,  loamy 
soils  with  good  permeability.   For  most  soils  in  this  study  area,  the  leached 
zone  includes  the  A,  B,  and  part  of  the  C  horizons.   Soluble  salts  often 
remain  near  the  surface  in  shallow  A-C  soils,  saline-sodic  soils,  and  seep 
areas.   Soil  materials  with  high  levels  of  salt  and/or  exchangeable  sodium 
should  be  placed  well  below  the  plant  rooting  zone  in  reconstructed  profiles. 

The  quantity  of  soil  material  suitable  for  surface  placement  in  reconstructed 
profiles  is  indicated  on  Plate  30.   Plate  31  describes  the  quality  and  depth 
to  material  which  is  suitable  for  subsurface  placement. 

Local  tracts  of  clay-rich,  saline,  or  saline-sodic  soil  will  require  borrowed 
material  from  nearby  areas  with  abundant,  good  quality  soil  material  or  from 
suitable  bedrock,  if  readily  available  in  the  area. 

Bedrock  Suitability 

A  systematic  evaluation  was  made  of  the  bedrock  core  samples  described  in 
Plates  10  through  21,  Appendix  C.   The  applicable  portions  of  the  land 
classification  standards  (Table  28)  provided  criteria  for  the  evaluation 
of  these  materials. 
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Although  similar  criteria  were  used  for  both  the  land  classification 
survey  and  the  bedrock  core  evaluation,  different  suitability  classes 
were  assigned  to  the  core  materials.   These  classes  relate  primarily  to 
the  quality  of  the  bedrock  materials  for  use  as  plant  media  in  revegetation. 
The  classes  are  "suitable,"  "limited  suitability,"  and  "unsuitable."  The 
suitable  class  corresponds  to  Class  1  and  the  best  Class  2  materials  in 
the  land  classification  survey;  the  limited  suitability  class  includes  the 
less  desirable  Class  2  materials  and  Class  3;  and  the  unsuitable  class  is 
equivalent  to  Class  6. 

Core  samples  were  collected  and  analyzed  in  the  laboratory  utilizing  the 
same  procedures  used  to  analyze  the  soil  samples.   Results  of  the  laboratory 
analyses  performed  on  "Representative  Site"  core  samples  are  listed  in 
Tables  30  through  39,  Appendix  E.   These  data  include  determinations  of 
selected  trace  metal  concentrations,  which  may  be  particularly  useful  in 
identifying  bedrock  materials  which  are  potentially  toxic  or  deficient  in 
various  elements.   Results  of  routine  analyses  performed  on  the  remaining 
core  samples  are  included  in  Tables  40  through  45,  Appendix  E. 

The  results  of  the  laboratory  analyses  provided  the  basic  data  used  in 
classifying  the  bedrock  materials  as  to  their  suitability  for  use  as  plant 
media.   The  suitability  of  the  bedrock  materials  is  indicated  on  each 
geologic  log  (Plates  10  through  21,  Appendix  C)  under  the  column  titled: 
"Suitability  For  Reconstructed  Profile."  Overall,  24  percent  of  the  bedrock 
materials  overlying  the  Beulah-Zap  coalbed  in  this  study  area  were  determined 
to  be  suitable  for  use  as  plant  media,  29  percent  were  of  limited  suitability, 
and  47  percent  were  unsuitable. 

Notable  deficiencies  of  the  "unsuitable"  bedrock  materials  often  included 
one  or  more  of  the  following:   salinity,  sodicity,  fine  texture  (clay-rich), 
slow  permeability,  and  instability. 

The  type  and  quality  of  bedrock  materials  in  the  Beulah  Trench  Study  Area 
are  highly  diverse.   Consequently,  the  physical  and  chemical  properties 
important  to  their  use  as  plant  media  cannot  be  projected  over  a  wide  range 
of  conditions.   Therefore,  the  quality  determination  of  the  bedrock  materials 
for  use  as  plant  media  applies  only  to  the  specific  site  where  each  core  was 
drilled.   No  attempt  was  made  to  project  the  data  to  adjacent  areas.   Also, 
the  ease  of  separating  and  stockpiling  bedrock  materials  for  resurfacing  was 
not  considered  in  the  suitability  evaluation. 

Soil  Inventory 

This  section  provides  additional  information  on  the  soils  occurring  in  the 
Beulah  Trench  Study  Area.   Most  of  the  information  is^derived  from  soil 
survey  data  compiled  by  the  Soil  Conservation  Service—  . 

Data  presented  in  this  section  include  the  following: 


_2/  Soil  Survey  of  Mercer  County,  North  Dakota,  USDA  -  Soil  Conservation  Service, 
1978. 
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1.  A  Soil  Inventory  Map  of  the  Beulah  Trench  Study  Area  showing  the 
soil  series/associations  mapped  by  the  Soil  Conservation  Service  -  Plate  32, 
Appendix  E. 

2.  Soil  Series  Descriptions  (National  Cooperative  Soil  Survey)  - 
Tables  46  through  61,  Appendix  E. 

3.  Interpretive  ratings  for  selected  soil  uses  -  Table  62,  Appendix  E. 

4.  Engineering  properties  of  the  soils  -  Table  63,  Appendix  E. 

5.  Soil  Profile  Descriptions  (BLM  Form  7310-9)  and  Erosion  Evaluations 
(BLM  Form  7310-12)  -  Exhibit  2,  Appendix  E. 

In  general,  Mollisols  and  Entisols  are  the  predominant  soil  orders  (taxonomic 
units)  occurring  in  this  study  area  (Table  64).   The  Mollisols  have  the  widest 
areal  distribution,  representing  about  90  percent  of  the  study  area.   The 
Entisols  comprise  the  remaining  10  percent  (Table  65) . 

Moisture  Relations  in  Soils 

Moisture  relations  in  soils  of  the  Beulah  Trench  Study  Area  reflect  the 
influence  of  a  climate  that  can  fluctuate  annually  from  semiarid  to  subhumid. 
As  much  as  11  (280  mm)  of  the  16  inches  (410  mm)  of  precipitation  normally 
falling  in  this  region  is  rain,  so  approximately  5  inches  (130  mm)  is  snowmelt, 
High  winds  commonly  redistribute  the  fallen  snow.   Areas  in  which  windblown 
snow  accumulates  thus  receive  additional  moisture,  while  areas  where  snow  is 
blown  off  are  deprived  of  potential  moisture  storage.   Snowmelt  storage  in 
soils  is  supplemented  by  spring  rains  and  peak  storage  usually  occurs  in  mid 
to  late  spring.   Maximum  runoff  probably  occurs  when  intense  storms  occur 
during  periods  of  high  soil-moisture  storage. 

Void  space  and  quantities  of  particle  surface  available  to  store  water  are 
the  two  factors  that  control  moisture  relations  in  soils.   These  two  factors 
are,  therefore,  the  basis  for  the  concepts,  analyses,  and  interpretations 
presented  in  this  section.   A  complete  discussion  of  the  concepts  used  has 
been  presented  by  Miller  and  McQueen  (1978,  in  press). 

All  the  measurements  required  to  define  moisture  relations  were  obtained  as 
products  of  the  method  of  McQueen  and  Miller  (1968)  for  measuring  the  force 
with  which  moisture  is  retained.   The  data  resulting  from  these  measurements 
appears  in  Table  66,  Appendix  E.   The  retention  force  is  determined  from  the 
moisture  content  of  standard  filter  papers  at  equilibrium  with  moisture  in 
samples  augered  from  consecutive  depth  increments  in  soil  profiles.   All  the 
soil  obtained  from  each  auger  increment  is  retained  so  its  volume  weight  (VW) 
(bulk  density)  can  be  determined.   Void-moisture  capacities,  which  represent 
amounts  of  void  space  available  for  infiltration,  and  storage  of  water  are 
computed  from  VW  values  for  each  depth  increment.   In  the  computation  of  void- 
moisture  capacity  (VMC)  values,  which  are  in  percent  of  dry  weight,  it  is 
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3 
assumed  that  soil  particles  have  a  density  of  2.65  g/cm  and  that  the 

density  of  water  is  1  g/cm  .   The  equation  used  is 

™c  "  10°  4  -  T35> 

and  this  relationship  is  presented  graphically  in  Figure  3.   The  influence 
of  differences  in  amounts  of  adsorptive  surface  in  soils  on  quantities  of 
water  that  can  be  retained,  over  the  moisture  range  from  saturation  to 
ovendry,  were  determined  using  the  modeling  technique  proposed  by  McQueen 
and  Miller  (1974).   The  soil,  for  which  a  graphic  model  is  presented  in 
Figure  4,  has  one-half  the  adsorptive  surface  per  unit  of  weight  as  compared 
to  the  filter  paper  standard.   As  a  result,  quantities  of  water  adsorbed  as 
multimolecular  films  to  external  particle  surfaces  of  this  soil  are  consist- 
ently one-half  the  quantities  adsorbed  to  surfaces  of  fibers  in  the  paper. 

A  similar  graphic  model  of  the  moisture  content-retention  force  relation 
can  be  created  for  any  sample  of  soil  if  moisture  content  and  retention-force 
data  are  acquired  under  conditions  where  only  adsorbed  water  is  present.   The 
line  representing  quantities  of  water  adsorbed  is  extended  down  from 
10    g/cm  on  the  vertical  axis  through  a  point  representing  the  moisture 
content  of  the  soil  and  the  retention  force  determined  from  the  filter  paper 
at  equilibrium  with  the  soil.   Soils  that  contain  expanding  lattice  clays, 
unlike  the  filter  paper,  can  adsorb  water  within  their  structure.   There  is 
evidence  (Miller  and  McQueen,  1972)  that  this  water,  which  is  labeled 
structural^water  in  Figure  4,?is  removed  when  the  retention  forces  are 
between  10  "    and  10  "   g/cm  . 

Water  adsorbed  as  multimolecular  films  tend  to  drain  down  from  the  adsorption- 
moisture  capacity  (AMC)  level  where  17  molecular  layers  are  adsorbed  and  the 
retention  force  is  10  or  1  g/cm  .   Drainage  continues  to  the  moisture- 
retention  capability  (MRC)  level  where„10  molecular  layers  remain  adsorbed 
and  the  retention  force  is  222  or  10  '    g/cm  .   The  retention  force  increases 
from  1  to  2.46  and  gradually  to  6.05,  36.6,  and  finally  to  222  g/cm  as  drainage 
flows  proportionately.   The  final  large  increase  results  in  drainage  becoming 
insignificant  at  the  MRC  level  where  the  retention  force  is  10  *    or  222  g/cm  . 
During  this  process,  the  retention  force  increases  2.46  times  as  each  molecular 
layer  of  water  is  desorbed.   The  logarithm  of  2.46  is  0.391;  therefore,  the 
exponent  of  the  retention  force  increases  by  0.391  as  each  molecular  layer  is 
desorbed. 

Molecular  dimensions  of  void  spaces  in  a  given  depth  increment  of  soil  can 
be  used  to  approximate  infiltration  rates.   The  average  size  of  void  available 
for  infiltration  and  storage  of  water  can  be  approximated  in  terms  of  molecular 
dimensions  of  water.   This  is  done  by  dividing  VMC  values  by  MRC  values  and 
multiplying  by  10  because  10  molecular  layers  are  adsorbed  at  the  MRC  levels. 
Infiltration  data  at  sites  where  a  large  rainfall-simulating  inf iltrometer 
(Lusby  and  Toy,  1976)  was  used  were  made  available  by  Lusby  (unpublished  data, 
1976)  for  comparison  with  void-dimension  data.   The  data  plot  has  a  linear 
relationship  (Figure  5)  that  permits  estimation  of  rates  of  infiltration  within 
confidence  limits  of  plus  or  minus  9  mm/hr.   Since  void  size  and  adsorptive 
surface  are  controlling  factors,  the  relationship  is  applicable  anywhere. 
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Figure   3 
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Figure  3  . — Relationship  used  to  determine 
void-moisture  capacity  (VMC)  of  soils 
from  volume  weight  (VW) . 
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Figure  4  . — Filter-paper  calibration  graph  (McQueen  and  Miller,  1968) 
for  determining  moisture-retention  force  from  moisture  content 
of  standard  filter  papers  at  equilibrium  with  moisture  in  samples 
of  soil.   Also,  a  graph  illustrating  the  moisture-retention  rela- 
tion in  a  soil  with  one-half  as  much  adsorptive  surface  per  unit 
weight  as  the  filter  paper. 
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Soils  of  the  Beulah  Trench  Study  Area 

Soils  of  the  Beulah  Trench  Study  Area  have  developed  in  materials  derived 
from  one  or  more  of  the  following  parent  materials:   (1)  Holocene  alluvium 
of  the  Walsh  Formation,  (2)  Quaternary  ground  moraine  of  the  Coleharbor 
Formation,  or  (3)  Tertiary  sedimentary  beds  of  the  Sentinel  Butte  Formation. 
A  dark,  humic  surface  horizon  has  developed  to  various  depths  as  the  result 
of  grasses  growing  on  calcareous  soils.   In  all  the  habitats  sampled,  void 
capacities  in  excess  of  adsorbed-moisture  capacities  are  present  to  the  base 
of  the  humic  surface  horizon. 

Study  Sites 

Soils  were  sampled  in  September  1976  during  a  period  of  minimum  soil- 
moisture  storage.   Although  fall  rains  had  wetted  the  surface  soils,  the 
lower  moisture  contents  at  greater  depth  were  the  result  of  depletion  during 
the  preceding  growing  season. 

Soil  sites  were  selected  to  represent  all  the  significant  vegetation  habitats 
in  the  study  area.   The  locations  of  the  18  study  sites  are  shown  in  Figure  6. 
The  sites  are  discussed  in  groups  which  are  based  on  common  characteristics. 

Quantities  of  water  that  can  be  present  in  soils  between  the  limits  provided 
by  void-moisture  capacity  (VMC)  and  minimum  levels  of  storage  (MS)  are 
divided  into  adsorbed  and  drainable  portions  as  shown  in  Figures  7  through 
12.   Adsorbed  moisture  is  computed  as  the  difference  between  moisture- 
retention  capability  (MRC)  and  MS  values.   Drainable  moisture  is  computed 
as  the  difference  between  VMC  and  MRC  values.   Both  are  computed  to  the 
maximum  depth  where  drainable  moisture  may  occur.   Moisture  contents  initially 
computed  as  percent  of  the  dry  weight  of  soil  are  converted  to  numbers  indi- 
cating depths  of  adsorbed  or  drainable  water.   This  is  done  by  multiplying 
percent  moisture  by  the  average  VW  of  the  depth  increment  involved.   The 
product  of  this  multiplication  is  then  multiplied  by  the  depth  of  the  soil 
increment.   The  result  is  the  amount  of  water  expressed  as  a  depth  of  water 
in  millimeters.   These  are  the  values  shown  within  the  graphs  of  Figures  7 
through  12. 

Upland  Soils  with  High  Moisture-Retention  Capabilities 

Upland  soils  developed  in  materials  derived  from  glacial  till  have  the 
highest  MRC  values  of  the  soils  sampled.   Three  such  soils  are  characterized 
in  Figure  7.   Sites  14  and  15  were  sampled  in  an  area  mapped  as  Zahl  loam  by 
the  Soil  Conservation  Service  (SCS) .   The  location  of  site  11  was  mapped  as 
Williams  loam.   Each  of  these  three  soils  showed  limited  capacity  for  moisture 
storage  in  excess  of  MRC  because  VMC  was  equal  to  or  less  than  MRC  at  the 
base  of  the  profile.   Void  space  in  the  lower  portions  of  soil  profiles  15 
to  11  was  still  filled  with  moisture  at  the  end  of  the  growing  period.   This 
deeply  stored  water  provides  a  reserve  moisture  supply  for  the  perennial  grass 
cover  during  droughts.   These  reserves  may  be  temporarily  eliminated  when  the 
soil  is  stripped  for  mining,  but  these  reserves  will  be  replenished  in  wet 
years. 
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Kinds  and  quantities  of  vegetation  growing  on  a  soil  are  influenced  by  the 
retention  force  which  must  be  overcome  to  desorb  moisture  from  the  soil 
(Table  67).   Since  surface  soils  had  been  recently  wetted,  the  average 
retention  force  was  computed  using  only  the  data  from  the  drier  underlying 
soils. 

Infiltration  into  these  soils  decreases  as  the  soil  is  wetted  to  greater 
depths.   Surface  horizon  voids  can  accommodate  34  to  38  molecular  layers  of 
water,  and  all  but  10  molecular  layers  can  drain  to  greater  depths.   Based 
on  the  relation  shown  in  Figure  5,  infiltration  rates  will  decrease  from 
about  3  cm/hr  to  about  1.5  cm/hr  as  the  drainable  portion  of  the  voids  is 
filled.   Rainfall  rates  exceeding  the  infiltration  rate  could  result  in  air 
entrapment,  preventing  any  further  infiltration  and  causing  total  runoff. 
The  different  moisture  storage  potentials,  as  indicated  by  the  values  in 
Figure  7  (101  mm  vs.  138  and  169)  probably  resulted  from  more  snow  accumu- 
lation on  the  sloping  sites  (11  and  15)  than  the  flatter  hilltop  site  (14). 
The  slow  rate  of  snowmelt  apparently  facilitates  deep  percolation  into  the 
soils. 

Soils  with  Impeded  Drainage 

The  three  soils  characterized  in  Figure  8  all  have  surface  horizons  with 
intermediate  MRC's  and  subsoils  with  high  MRC's.   This  results  in  impeded 
drainage  at  the  point  where  MRC  exceeds  VMC  because  all  the  void  space  can 
become  filled  with  moisture  that  is  not  free  to  drain.   Water  held  with 
minimal  force  can  then  be  perched  above  this  restriction.   The  retention 
force  holding  the  perched  water  depends  on  how  much  void  space  is  available 
to  hold  the  moisture.   The  smaller  the  VMC  directly  above  the  restriction, 
the  greater  the  force  with  which  the  moisture  is  held  and  the  smaller  the 
reservoir  of  soil  moisture  available  for  use  by  vegetation. 

Site  6  has  the  lowest  capacity  for  storing  adsorbed  moisture  (98  mm)  as 
shown  in  Figure  8.   This  indicates  that  perching  of  moisture  above  the 
drainage  restriction  at  0.7  m  would  occur  more  often  at  site  6  than  at  the 
other  two  sites*  Perched  water  would  be  held  at  retention  forces  less 
than  10  *   g/cm  and  thus  would  be  more  readily  available  to  the  vegetation. 
Such  a  condition  favors  the  occurrence  of  tallgrasses  which  are  prevalent 
on  site  6  but  absent  on  the  other  two  sites  (see  Table  68) . 

The  average  retention  force  in  the  soil  during  a  dry  period  at  the  end  of 
the  growing  season  is  a  function  of  the  predominant  vegetation  on  the  site. 
The  short  and  midgrasses  can  exert  the  greatest  force  to  desorb  moisture, 
while  the  tallgrasses  are  capable  of  exerting  lesser  forces  (Table  68). 

Loamy  Soils  with  Intermediate  MRC's 

Three  loamy  soils  with  intermediate  MRC's  are  characterized  in  Figure  9. 
The  SCS  mapped  sites  7  and  8  as  Arnegard  loam,  which  occupies  alluvial 
lowlands;  site  10  was  mapped  as  Williams  loam,  which  is  a  residual  soil 
on  uplands.   While  the  Arnegard  loam  had  sufficient  void  space  to  permit 
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Figure  7  --Moisture  relations  in  upland  soils  with  high  moisture- 
retention  capabilities  (MRC's). 
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Figure   8  — Moisture   relations    in   soils  with   impeded   drainage. 
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Figure  9  — Moisture  relations  in  loamy  soils  with  intermediate  MRC's. 
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Table  67 


Table  67 — Vegetation  cover,  in  percent,  and  average  retention  force, 
in  g/cm^,  for  upland  soils  with  high  moisture-retention  capabilities 


Site 


14 


15 


11 


Bare 

14 

10 

31 

Mulch 

12 
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13 

Forbs 
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5 

4 

Shrubs 

26 
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10 

Shortgrasses 

47 

58 

18 

Midgrasses 

— 

13 

24 

Tallgrasses 

— 

— 

— 

Total  live  cover 

74 

83 

56 

Average  retention  force 

66,422 

34,234 

74,840 
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Table  68 


Table  68 — Vegetation  cover,  in  percent,  and  average  retention  force, 
in  g/cm2,  for  soils  with  impeded  drainage 


Site 


12 


Bare 

5 

13 

3 

Mulch 

17 

10 

4 

Forbs 

11 

3 

5 

Shrubs 

9 

9 

12 

Shortgrasses 

36 

5 

3 

Midgrasses 

22 

60 

6 

Tallgrasses 

— 

— 

67 

Total  live  cover 

78 

77 

93 

Average  retention 
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60,399 

12,216 
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drainage,  inadequate  void  space  in  the  Williams  loam  hampered  drainage. 
This  is  another  cause  where  impeded  drainage  probably  causes  moisture  to 
perch  and  makes  it  readily  available  because  retention  forces  are  low. 
This  in  turn  influences  the  kinds  of  native  vegetation  prevalent  on  the 
sites  (Table  69).   A  mixture  of  mid  and  shortgrasses  predominates  on  the 
Arnegard  loam,  with  snowberry  occurring  in  swales  and  little  bluestem,  a 
tallgrass,  predominates  on  Williams  loam  where  drainage  is  restricted  at 
a  depth  of  1.5  m. 

Loamy  Soils  Under  Different  Land  Uses 

The  soil  sites  characterized  in  Figure  10  were  sampled  for  a  comparison 
between  the  effects  of  heavy  grazing,  no  grazing,  and  cultivation  on  similar 
soils.   Sites  3,  4,  and  5  were  located  in  close  proximity  near  the  toe  of 
slope  mapped  as  Arnegard  loam  by  the  SCS.   Site  13  was  a  cultivated  site  in 
Williams  loam.   It  is  included  here  because  it  exhibited  similar  moisture 
retention  characteristics.   Drainage  is  severely  restricted  at  the  bases  of 
all  four  profiles  where  void-moisture  capacities  (VMC)  are  less  than  moisture- 
retention  capabilities  (MRC)  (see  Figure  10) .   The  voids  at  the  bases  of  the 
profiles  were  still  filled  with  moisture  at  the  end  of  the  growing  season. 

There  were  distinct  patterns  of  moisture  depletion  under  the  different  land 
uses.   Under  heavily  grazed  rangeland  (site  3),  moisture  in  the  lower  half 
of  the  profile  was  still  stored  at  MRC  levels,  but  in  the  ungrazed  land 
(site  4)  and  the  cultivated  sites,  moisture  was  depleted  below  MRC  to  the 
base  of  the  profile.   The  probable  reason  for  the  lower  moisture  use  on  the 
grazed  site  was  that  overgrazing  had  decreased  the  vigor  of  the  plants. 

At  sites  3  and  4,  there  was  a  steady  decrease  in  moisture-retention  force 
gradient  upward  from  the  base  to  near  the  surface,  heading  toward  a  retention 
of  less  than  five  molecular  layers  of  water  at  the  surface.   (The  immediate 
surface  had  been  wetted  prior  to  sampling  by  rainfall.)   This  was  the  effect 
of  evaporation  drying  the  soil  beyond  the  capability  of  the  vegetation.   The 
soil  moisture  of  the  cropland  sites  (5  and  13)  was  held  at  more  uniform  forces 
throughout  the  profile.   This  indicates  that  evaporation  was  less  effective 
in  removing  moisture  at  those  sites.   This  may  have  been  a  result  of  shading 
by  crops,  but  most  likely  was  due  to  the  practice  of  fallowing  in  alternate 
years.   With  fallowing,  moisture  from  2  years  is  stored  in  the  profile.   Then, 
during  the  cool  autumn  evenings,  the  temperature  gradient  between  the  warm 
soil  and  cooler  air  causes  soil  moisture  to  migrate  toward  the  soil  surface. 
This  phenomenon  can  counteract  the  effect  of  evaporation. 

Soil  moisture  in  the  lower  part  of  the  profile  was  not  depleted  as  completely 
under  wheat  (site  13)  as  it  was  under  sorghum  (site  5) .   The  longer  growth 
period  of  sorghum  was  probably  the  reason.   Differences  in  degree  of  moisture 
use  by  vegetation  and  the  influence  of  fallowing  on  moisture  storage  should 
be  given  consideration  when  reclaimed  lands  are  managed. 

The  influence  of  heavy  grazing  on  survival  of  grasses  is  evident  in  Table  70. 
Grazing  reduced  the  presence  of  midgrasses  and  increased  the  proportion  of 
shortgrasses.   Shrubs  decreased  while  forbs  increased,  and  the  proportion  of 
bare  ground  increased. 
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Differences  in  land  use  have  not  significantly  influenced  the  size  of 
surface  voids  at  the  Arnegard  loam  sites.   Infiltration  rates  were  computed 
to  be  27,  24,  and  25  cm/hr,  respectively,  for  sites  3,  4,  and  5.   This  is 
probably  attributable  to  the  structural  stability  of  the  humic  surface 
horizons.   Where  fallowing  had  been  practiced,  soils  have  more  void  space 
at  the  base  of  the  profile.   Storage  of  extra  water  accumulated  from 
fallowing  has  apparently  forced  soil  particles  apart,  creating  more  void 
space.   Less  force  is  required  to  desorb  water  perched  in  these  more 
spacious  voids  than  if  drainage  to  greater  depths  had  occurred. 

Soils  with  Low  Moisture-Retention  Capabilities  on  Different  Exposures 

The  sites  characterized  in  Figures  11  and  12  permit  evaluation  of  the  effects 
of  exposure  and  position  on  associated  vegetation.   All  five  sites  occur  on 
soils  with  relatively  low  moisture-retention  capabilities  and  were  mapped  as 
Cohagen  or  Vebar  fine  sandy  loam.   At  site  17  where  the  exposure  is  to  the 
east,  shortgrasses  predominate  somewhat  over  midgrasses.   Site  18,  which  is 
dominated  by  midgrasses  (Table  71),  has  an  exposure  to  the  north.   At  site  16, 
which  has  an  eastern  exposure  and  lies  below  a  ridgetop  where  snow  probably 
accumulates,  snowberry  is  the  predominant  vegetation.   Average  retention  forces 
decrease  as  the  cover  shifts  from  shortgrass  to  midgrass  to  snowberry. 

Site  1  occurs  on  top  of  a  hill  and  site  2  occurs  downslope  from  site  1.   Flow 
to  greater  depths  would  be  impeded  at  a  depth  of  0.9  m  in  the  downslope  soil 
by  a  zone  where  voids  permit  only  3  (13-10)  molecular  layers  of  water  to  flow 
past  (see  Figure  12) .   This  has  resulted  in  creation  of  more  void  space  above 
the  impeding  zone  than  is  evident  in  the  soil  on  top  of  the  hill  at  similar 
depths.   Availability  of  perched  water  is  reflected  by  the  fact  that  less 
adsorbed  water  was  depleted  from  the  downslope  site  than  from  the  hilltop  site 
(102  mm  vs.  147  mm).   Midgrasses  again  predominate  over  shortgrasses  at  site  2 
where  water  is  caused  to  perch  closer  to  the  surface  (Table  71) .   The  level 
of  retention  force  achieved  is,  again,  lowest  on  the  site  where  midgrasses 
predominate. 

Computed  initial  infiltration  rates  into  the  surface  soils  for  sites  1,  2, 
16,  17,  and  18  were  3.6,  2.7,  3.0,  2.7,  and  3.1  cm/hr,  respectively.   These 
rates  would  diminish  as  soils  are  wetted  to  greater  depths.   Accumulation  of 
water  in  excess  of  retention-capability  levels  probably  occurs  in  all  soils. 
Rather  small  quantities  of  water  that  were  retained  with  forces  greater  than 
retention-capability  levels  were  depleted  from  storage.   At  greater  depths, 
water  retained  at  retention-capability  levels  is  evident  at  all  sites  except 
site  16.   Rockiness  prevented  the  sampling  of  site  16  to  sufficient  depth  to 
determine  if  water  was  held  at  moisture-retention  capability  levels  in  the 
lower  part  of  the  profile. 

The  larger  amount  of  drainable  void  space  at  site  2  than  at  site  1  (460  vs. 
268  mm,  figure  12)  is  probably  the  result  of  more  snow  accumulating  on  the 
slope  than  on  the  hilltop. 
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Figure  10 — Moisture  relations  in  loamy  soils  under  different  land  uses 
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Figure  11 — Moisture  relations  in  soils  with  low  MRC's  on  different  exposures 
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Figure  12  — Moisture  relations  in  soils  with  low  MRC's  on  different  exposures. 
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Table  69 


Table  69 — Vegetation  cover,  in  percent,  and  average  retention  force, 
in  g/cm2,  for  loamy  soils  with  intermediate  MRC's 


Site 


10 


Bare 

9 

39 

5 

Mulch 

14 

15 

7 

Forbs 

2 

14 

1 

Shrubs 

3 

3 

16 

Shortgrasses 

71 

15 

— 

Midgrasses 

1 

14 

— 

Tallgrasses 

— 

— 

71 

Total  live  cover 

77 

46 

88 

Average  retention  force 

29,448 

30,537 

3,898 
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Table  70 


Table  70 — Vegetative  cover,  in  percent,  and  average  retention  force, 
in  g/cm2,  for  loamy  soils  of  different  land  uses 


Site 


5± 


1/ 


.31/ 


Bare 
Mulch 

Forbs 

Shrubs 

Shortgrasses 

Midgrasses 

Tallgrasses 
Total  live  cover 
Average  retention  force 


11 

3 

12 

6 

8 

6 

2 

7 

59 

9 

8 

73 

77        91 
14,386    40,857    3,347    18,929 


1/ 


No  measurements  were  made. 
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Table  71 


Table  71 — Vegetation,  In  percent,  and  average  retention  force, 
in  g/cm2,  for  soils  with  low  MRC's 

Site  17        18       16       1 


Bare 

7 

4 

3 

3 

10 

Mulch 

22 

12 

24 

— 

11 

Forbs 

2 

9 

1 

4 

3 

Shrubs 

8 

2 

34 

8 

11 

Shortgrasses 

32 

13 

14 

63 

25 

Midgrasses 

29 

60 

24 

21 

40 

Tallgrasses 

— 

— 

— 

1 

— 

Total  live  cover 

71 

84 

73 

97 

79 

Average  retention  force 

12,845 

4,997 

6,142 

29,024 

16,804 

■ 
■ 

V 

p 
■ 
p 
p 
p 
p 
p 
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GREENHOUSE- 

In  the  past,  surface  mining  for  coal  has  generally  resulted  in  soil 
material  being  buried  beneath  a  mixture  of  spoils.   Spoils  exposed  at 
the  surface  often  originated  from  bedrock  strata  directly  overlying  the 
coal  seam,  resulting  in  a  poor  quality  plant  medium.   In  many  cases, 
this  has  led  to  a  severe  problem  in  revegetation  of  surface-mined  lands. 
The  Surface  Mining  Control  and  Reclamation  Act  of  1977  (P.L.  95-87)  was 
enacted  in  an  effort  to  enhance  proper  reclamation  of  surface-mined  lands. 
In  regard  to  selection  of  the  most  suitable  overburden  (soil  and  bedrock) 
materials  for  use  in  revegetation,  this  Federal  law  stipulates  that:   "All 
topsoil  shall  be  removed  in  a  separate  layer  from  the  areas  to  be  disturbed, 
unless  use  of  substitute  or  supplementary  materials  is  approved  by  the 
Regulatory  Authority  ...  if  use  of  substitute  or  supplementary  materials 
is  approved,  all  materials  to  be  redistributed  shall  be  removed" 
(30  CFR  816.22(b)).   Note:   In  the  Beulah  Trench  Study  Area,  the  State  of 
North  Dakota,  Public  Service  Commission,  is  the  present  Regulatory  Authority. 

The  objectives  of  this  greenhouse  experiment  were  to:  (1)  characterize  soil 
and  bedrock  strata  through  studies  relating  to  revegetation  of  surface- 
mined  lands,  and  (2)  conduct  soil  and  plant  analyses  of  selected  materials 
for  identifying  potential  problems  relating  to  toxicity  and/or  nutrient 
deficiencies  that  may  limit  plant  growth. 

Methods 

Soil  Preparation 

After  removal  from  the  shipping  bag,  the  material  was  mixed  and  100  grams 
were  set  aside  for  laboratory  analysis.   Two  kilograms  of  the  material  were 
then  placed  in  each  of  two  plastic  lined  half-gallon  round-paper  cartons 
and  labeled  in  the  following  manner:   Each  carton  carried  the  number  used 
by  the  Water  and  Power  Resources  Service  for  cataloguing  purposes  during 
recovery. 

Field  Capacity 

A  part  of  the  sample  was  placed  in  a  plastic  hydraulic  conductivity  tube 
and  water  was  added  to  wet  the  soil  two-thirds  to  three-quarters  of  the  way 
down  the  tube.   At  the  end  of  the  wetting  period  (48  hours),  the  top  3  cm 
of  soil  were  discarded  while  the  middle  section  was  placed  in  a  soil  moisture 
can,  leaving  about  2  to  5  cm  of  wet  soil  at  the  bottom  of  the  tube.   The 
soil  moisture  cans,  which  had  been  previously  weighed,  were  then  weighed 
with  the  wet  soil  and  placed  in  a  forced  air  oven  to  dry  at  100  degrees 
centigrade  for  at  least  24  hours.   They  were  then  weighed  again  and  the 
percent  field  capacity  was  calculated  by  the  formula: 

(Weight  of  can  +  wet  soil)  -  (weight  of  can  +  dry  soil)  •*■  (weight 
of  can  +  dry  soil)  x  100  =  %  field  capacity. 


1/   This  study  was  conducted  by  the  Department  of  Agronomy,  Colorado  State 
University,  Fort  Collins,  Colorado,  for  the  Water  and  Power  Resources 
Service,  U.S.  Department  of  the  Interior  under  Contract  No.  6-07-DR-50130 
and  Amendatory  Agreement  No.  1  to  the  same  contract. 
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Field  capacity  was  determined  primarily  to  serve  as  a  guide  for  ensuring 
proper  water  management  in  the  greenhouse. 

Fertilizer  Treatment 

Before  planting,  a  fertilizer  application  consisting  of  100  ppm  of  nitrogen 
as  reagent  grade  Ca (1^)3)2  and  80  ppm  of  phosphorus  as  reagent  grade 
Ca(H2PO^)2»  in  5  and  50  milliliter  aliquots,  respectively,  was  added  to 
each  pot.   The  application  was  made  along  with  the  preplant  watering. 
Before  the  fertilizer  or  water  were  added,  150  grams  of  soil  were  removed 
from  each  pot  and  saved  to  be  replaced  in  the  pot  after  the  seeds  were 
added.  All  except  100  ml  of  the  total  water  were  added  24  hours  before 
planting. 

Planting 

The  pots  were  planted  with  40  seeds  of  western  wheatgrass  (Agropyron  Smithii 
var.  Arriba).   The  seeds  were  evenly  spaced  in  the  pots  and  covered  with 
150  grams  of  soil  that  had  been  removed  prior  to  fertilization.   After 
smoothing  the  surface  of  the  potted  contents,  the  last  100  mis  of  water 
were  added  and  the  pots  were  covered  with  brown  paper  to  prevent  evaporation. 
The  pots  were  checked  every  day  to  ensure  that  the  topsoil  remained  moist. 
As  the  seeds  started  to  germinate,  the  pot  was  uncovered  to  prevent  the 
development  of  spindly  plants.  After  2%  weeks,  or  at  approximately  10  cm 
height,  the  plants  for  all  pots  were  counted  and  recorded.   Then,  the  plants 
were  thinned  to  16  per  pot  and  randomized.   Pots  were  rotated  1/3  of  the  way 
around  the  table  every  third  to  fourth  day  to  ensure  that  all  pots  were 
subject  to  the  same  lighting.   The  greenhouse  lights  were  set  to  allow 
15-16  hours  of  daylight. 

Daily  Management 

All  pots  were  weighed  daily  and  the  soil  was  brought  to  field  capacity  with 
distilled  water.   Twenty-one  days  after  planting,  N  as  reagent  grade  (NR^^SO^ 
was  added  to  each  pot  at  the  rate  of  50  ppm.   Thereafter,  the  same  rate 
(50  ppm)  was  added  once  a  week.   At  the  time  the  plants  were  thinned  from 
the  pots,  salt  crusting  and  cracking  were  evaluated. 

Harvest 

The  crop  of  western  wheatgrass  was  harvested  approximately  50  days  after 
planting.   Before  the  plants  were  cut,  they  were  measured  and  the  average 
height  was  recorded.   The  harvesting  procedure  entailed  cutting  the  plants 
at  approximately  2  cm  above  the  surface  of  the  soil,  washing  the  plants  in  a 
.1  N  HC1  acid  bath,  rinsing  twice  in  distilled  water,  placing  in  paper  bags, 
and  drying  at  60  degrees  centigrade  for  48  hours.   After  drying  in  a  forced 
air  furnace,  the  plants  were  weighed  to  the  nearest  one  hundredth  of  a  gram. 
Selected  samples  were  then  prepared  for  laboratory  analysis. 


II 
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Soil  and  Overburden  Analysis 

Electrical  Conductivity 

The  electrical  conductivity  (EC)  was  determined  on  a  1:1  soil/water 
suspension  by  using  a  solu-bridge.   Insufficient  sample  did  not  allow  for 
obtaining  a  saturation  extract,  thus,  soluble  salts  were  determined  on  the 
1:1  suspension.   For  interpretive  purposes,  the  electrical  conductivity 
obtained  from  the  1:1  suspension  was  multiplied  by  a  factor  of  2  to  reflect 
the  approximate  EC  of  a  saturation  extract.   The  data  are,  however,  reported 
for  a  1:1  suspension. 

Iron,  Zinc,  Copper  and  Manganese 

The  above  listed  elements  were  determined  on  the  Atomic  Absorption 
Spectrophotometer  for  a  DTPA  extract. 

PH 

pH  was  determined  with  a  combination  electrode  pH  meter  on  a  1:1  soil/ 
water  suspension. 

SAR 

Sodium  adsorption  ratios  were  determined  according  to  the  procedure  in 
Agriculture  Handbook  No.  60.   The  SAR  value  reported  is  based  on  a  1:1 
extract.   For  interpretation  purposes,  the  SAR  was  converted  using  a 
calculation  involving  field  capacity  to  approximate  the  SAR  of  a  saturation 
extract. 

Extractable  Phosphorus 

Phosphorus  was  extracted  with  sodium  bicarbonate  and  determined 
colorimetrically . 

Plant  Tissue  Analysis 

Na,  K,  Ca,  Mg,  Fe,  Zn,  Mn,  and  Cu  were  determined  on  the  Atomic  Absorption 
Spectrophotometer  from  a  Perchloric  acid  digest.   P  was  extracted  by  the 
Bartons  Reagent  method  and  determined  colorimetrically. 

Note:   Laboratory  data  are  lacking  for  some  materials  because  of  insufficient 
sample  and/or  because  of  the  lack  of  funding  for  carrying  out  all 
analyses. 

Criteria  for  Interpretation 

The  criteria  as  applied  in  this  study  are  based  on  existing  data  used  for 
evaluating  soil-plant  growth  relationships  on  agronomic  crops. 
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The  use  of  these  criteria  are  necessary  due  to  the  lack  of  information 
available  for  the  soil-plant-climatic  environments  associated  with  mined 
lands  in  the  areas  under  investigation. 

The  criteria  used  for  evaluating  salinity  and  sodium  problems  are  thought  Jfl 

to  be  very  reliable.   However,  the  limits  defined  for  the  other  soil  and 

plant  chemical  characteristics  must  be  considered  as  a  first  approximation, 

using  existing  diagnostic  data,  in  an  attempt  to  identify  and/or  isolate  ft 

potential  problems  associated  with  the  growth  of  plants  on  these  types  of  '™ 

materials. 


1^1 


Soil  Diagnostic  Criteria  \! 

The  following  criteria  are  based  on  current  Colorado  State  University  soil 

testing  evaluation  procedures.  M 

Available  P 

0  to  3  ppm  -  very  low  ^R\ 
4  to  7  ppm  -  low 

8  to  11  ppm  -  medium  mm  . 

11  +  -  high  m  i 

Available  Zinc 

0  to  0.5  ppm  -  very  low 
0.51  to  .99  ppm  -  low 

1.0  to  1.5  ppm  -  medium  ■ 
1.5  +  ppm  -  high  ■ 

Available  Iron  _ 

0  to  2.0  ppm  -  low 

2.1  to  4.0  ppm  -  medium 

4.0  +  ppm  -  high  fl 

Available  Copper  and  Manganese 

0  to  0.5  ppm  -  low  JH 

0.5+  ppm  -  high 

SAR  H 

0  to  10  -  low  sodium  hazard 

10  to  15  -  medium  sodium  hazard  -  potential  problem  ■ 

P 


15+  -  high  to  very  high  probability  that  a  sodium  problem  exists 
and  will  seriously  affect  reclamation  potential 


a 

i 
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Note:   The  SAR  values  reported  are  based  on  a  1:1  extract.   For  interpretive 
purposes  the  following  conversion  was  made  to  approximate  the  SAR  of 
a  saturation  extract.   This  procedure  is  not  recommended  for  common 
use.   Saturation  extracts  were  not  used  because  of  insufficient  sample, 


SAR 
of  Saturation  Extract 

Salinity 


1 


100 


%  Saturation  at  Field  Capacity 


SAR  of 

1:1  Extract 


<  4  mmho's  electrical  conductivity  -  low 

4  to  8  mmho's  electrical  conductivity  -  moderate  salinity  problem 
>8  mmho's  electrical  conductivity  -  high  salinity  problem 

Plant  Diagnostic  Criteria 

The  following  criteria  are  based  on  a  general  interpretation  of  existing 
plant  analysis  data.   These  criteria  are  presented  here  mainly  to  evaluate 
the  relationship  between  soil  test  values  and  plant  uptake  data  rather  than 
as  an  indicator  of  a  critical  deficiency  problem.   The  latter  is  not  possible 
because  of  the  lack  of  adequate  data.   No  attempt  has  been  made  to  identify 
toxicity  levels. 


Total  Phosphorus 

<0.1%  critical 
. 1- . 2%  marginal 
>0.2%       adequate 

Total  Copper 


Total  Zinc 

<10.0  ppm 
10-20  ppm 
>20  ppm 


critical 
marginal 
adequate 


<5  ppm  -  potentially  deficient 
5-10  ppm  -  adequate 

>10  ppm  -  for  some  plants,  copper  levels  in  excess  of  this  amount  may 
indicate  a  potential  toxicity  problem. 

Total  Manganese 

<.2  ppm  -  potentially  deficient 
>.2  ppm  -  adequate 

Total  Potassium 

0  to  1.0%  -  potentially  deficient 
1.0  to  2.0%  -  intermediate 
>2.0%  -  adequate 

Total  Calcium 

0  to  0.25%  -  potentially  deficient 
0.25%  or  greater  -  adequate 
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Total  Magnesium 

0  to  0.25%  -  potentially  deficient 
0.25%  or  greater  -  adequate 

Note:   In  many  cases,  the  selected  criteria  were  made  arbitrarily 
because  the  critical  values  for  various  stages  of  growth  of 
western  wheatgrass  are  not  known.   The  selected  ranges  are 
used  in  this  text  as  the  reference  level  for  comparing  yield 
vs.  plant  vs.  soil  test  data.   The  levels  used  must  not  be 
interpreted  as  being  valid  for  making  concrete  interpretations. 
False  conclusions  will  result  if  they  are  used  as  such. 

Statistical  Analysis 

Statistical  analysis  of  the  data  are  not  available  for  inclusion  in  this 
report.  The  data  are  being  statistically  analyzed,  using  both  a  cluster 
and  discriminate  analysis  procedure. 

Results  and  Discussion 

Studies  Performed 

1.  The  greenhouse  study  was  conducted  to  determine  the  relative  yield 
potential  of  western  wheatgrass  and  to  correlate  yield  response  with 
soil  laboratory  characterization  data.   In  addition,  surface  cracking 
and  salt  crusting  characteristics  of  the  materials  were  observed  and 
recorded. 

2.  Preplant  and  post-harvest  soil  analyses  of  selected  properties  were 
carried  out  on  some  materials  to  determine  what  changes,  if  any,  may 
occur  in  the  chemical  nature  of  the  materials  when  exposed  to  a 
weathering  and  crop  environment. 

Summary  of  Results 

Greenhouse  and  laboratory  characterization  data  for  all  materials  tested 
from  this  site  are  shown  in  Table  72,  Appendix  F. 

A  total  of  21  samples  were  classed  unsuitable  for  plant  growth  media  because 
of  high  salinity  and  sodium.   These  materials  are  identified  on  Table  73. 
A  total  of  eight  samples  were  classed  unsuitable  as  plant  growth  media 
because  of  high  salinity.   These  also  are  shown  on  Table  73.   Suitability 
ratings  and  a  general  appraisal  of  materials  not  listed  in  Table  73  are 
shown  on  Table  74. 

The  results  obtained  from  this  study  indicate  the  following: 

1.   In  many  cases,  the  post-harvest  soil  analyses  for  SAR  and  salinity 
were  better  related  to  yield  than  the  pre-plant  soil  analyses  data. 
This  suggests  that  considerable  chemical  alteration  occurred  during 
the  crop  growing  period. 
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2.  The  pre-plant  vs.  post-harvest  soil  zinc  levels  changed  in  many  cases 
from  being  low,  based  on  pre-plant  soil  analysis,  to  marginal  or 
adequate,  based  on  the  post-harvest  data.  However,  this  rarely 
occurred  in  the  case  of  Cu.  Low  Cu  levels  as  indicated  by  pre-plant 
soil  test  data  remained  low,  based  on  post-harvest  data. 

3.  Ninety-five  percent  of  all  materials  tested  very  low  in  available  P. 
The  remaining  materials  tested  low.   It  appears  that  P  must  be 
considered  as  a  major  limiting  factor  for  plant  growth  on  all  materials. 

4.  The  data  indicate  a  strong  relationship  between  field  capacity  and 
yield.   This  is  particularly  true  for  samples  represented  in  Table  72, 
Appendix  F,  which  have  relative  yield  values  less  than  90%.   Except 
for  low  zinc  and  copper  levels,  and  occasional  moderate  salinity 
levels,  the  most  common  characteristic  among  samples  yielding  90%  or 
less  of  relative  yield  is  a  low  field  capacity.   The  concern  of  this 
investigation  is  that  the  particle  size  distribution  of  these  materials 
could  have  changed  due  to  weathering,  and  if  this  did  occur,  the  water 
management  program  in  the  greenhouse  could  have  been  seriously  affected. 
There  appears  to  be  a  strong  indication  that  yields  decreased  with 
decreases  in  field  capacity  values.   On  the  other  hand,  surface 
cracking  was  observed  on  a  large  number  of  materials  from  which  low 
yields  were  obtained.   Thus,  there  is  strong  evidence  that  poor  physical 
condition  also  may  be  responsible  for  lower  yields. 

5.  Low  soil  zinc  and  copper  levels  were  common  in  materials  which  yielded 
less  than  90%  relative  yield.   Insufficient  data  make  it  difficult  to 
predict  whether  or  not  these  elements  may  be  a  limiting  factor  in  plant 
growth.   Plant  analysis  data  from  other  sites  indicate  that  the  zinc 
and  copper  level  is  below  what  would  be  considered  as  potentially 
deficient  for  some  agronomic  crops.  However,  the  existing  data  are  not 
adequate  for  determining  whether  these  levels  are  critical  for  western 
wheatgrass  or  other  native  species. 

6.  For  all  materials  classed  as  "Questionable"  in  Table  74,  it  is  recommended 
that  if  they  are  to  be  considered  for  use  as  plant  growth  media,  additional 
evaluations  should  be  conducted.   There  remains  a  strong  possibility 

that  factors  other  than  those  tested  for  could  be  limiting  growth.   This 
investigator  believes  that  the  numerous  potential  problems  identified 
from  the  observations  made  are  merely  indicators  of  the  overall  low 
productivity  potential  for  many  of  the  low  yielding  materials  and  that 
management  problems  would  be  increased  significantly  if  these  materials 
were  used  as  plant  growth  media.   The  results  strongly  indicate  that 
the  greenhouse  study  was  very  useful  for  stratifying  materials  relative 
to  their  productivity  potential,  and  suggest  that  additional  factors 
other  than  those  measured  may  be  responsible  for  poor  productivity. 

7.  There  appears  to  be  a  consistent  relationship  between  increased  sodium 
and/or  salinity  and  decrease  in  yield. 


39 


In  summary,  the  more  significant  findings  of  this  study  were: 

1.  Post-harvest  soil  test  data  on  geologic  materials  was  a  very  signif- 
icant factor  in  making  interpretations,  particularly  as  related  to 
salinity  and  sodium.   In  some  cases  these  data  related  better  to  yield 
response  than  did  the  pre-plant  soil  data.  More  research  is  needed 

to  evaluate  the  significance  of  changes  in  the  chemical  and  physical 
properties  of  these  materials  as  a  result  of  weathering. 

2.  The  significance  of  what  are  described  as  low  soil  zinc  and  copper 
levels  on  yield  and  performance  of  western  wheatgrass  needs  to  be 
further  evaluated . 

3.  Low  field  capacity  and  surface  cracking  relationships  may  be  very 
significant  in  evaluating  the  suitability  of  materials  as  plant  growth 
media. 

4.  Although  particle  size  data  were  not  available,  some  attention  must  be 
given  to  the  erosion  potential  associated  with  some  of  these  materials. 

5.  Mg  to  Ca  ratios  of  the  1:1  saturation  extract  were,  in  some  cases, 
sufficiently  high  to  warrant  concern  about  potential  magnesium  induced 
calcium  deficiencies.   However,  because  the  water  soluble  cations  were 
determined  on  a  1:1  dilution  basis,  it  was  difficult  to  assess  this 
relationship.   In  addition,  it  appears  that  the  effect  of  high  Mg  to  Ca 
ratios  also  is  related  to  salinity  levels.   Both  the  ratios  of  Mg  to  Ca 
and  salinity  levels  changed  as  a  function  of  pre  vs.  post  plant  soil  or 
geologic  overburden  condition.   The  significance  of  these  changes  on 
yield  are  being  evaluated  through  statistical  analyses  of  the  data. 
These  results  are  not  yet  available.   The  frequency  of  occurrence  of 
high  Mg  to  Ca  ratios  indicates  that  this  relationship  needs  further 
investigation  and  evaluation. 
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VEGETATION 

Present  Conditions 

Aerial  cover  of  vegetation  and  soil  surface  conditions  (bare  soil,  rock, 
and  mulch)  at  each  sampling  site  were  measured  by  the  first-contact 
point-quadrat  method.   A  frame  containing  10  vertical  pins  was  placed  at 
three  step  intervals.   Totals  of  90  to  600  pin  projections  were  used — the 
larger  number  being  used  in  the  more  extensive  types.   Current  growth  of 
vegetation  and  amounts  of  mulch  were  measured  in  9.6-ft^  plots.   Two  or 
three  plots  were  clipped  in  each  type.   Plant  materials  were  oven  dried 
and  weighed,  and  are  reported  as  pounds  per  acre  (Table  75).   Estimated 
carrying  capacities  are  based  on  these  yields  with  adjustments  made  for 
amount  of  plant  material  that  should  be  left  to  maintain  productivity 
(50  percent),  distance  from  water,  slopes,  and  palatability .   These  esti- 
mates are  for  cattle;  different  values  would  be  required  for  other  classes 
of  livestock  and  game  species. 

Results  of  vegetation  measurements  in  adjacent  ungrazed  and  grazed  sites 
are  shown  in  Table  75.   There  were  ungrazed  comparison  areas,  usually 
ungraded  road  rights-of-way,  for  9  of  the  11  vegetation  types  sampled. 
The  ungrazed  comparison  areas  vary  in  suitability  for  estimates  of  climax 
vegetation.   Site  5  is  completely  fenced  and  thus  has  no  livestock  use  or 
vehicular  traffic.   Site  3,  with  seven  comparison  areas,  is  negotiable 
only  by  four-wheeled  vehicles,  and  there  was  no  evidence  of  it  having  been 
grazed.   Site  2  has  some  vehicular  traffic  and  may  have  received  some 
minimal  use  by  livestock.   Locations  of  the  sites  are  shown  on  the  vegeta- 
tion map  that  was  compiled  from  1:24,000  scale  black-and-white  aerial 
photographs  of  the  area  (see  Plate  33,  Appendix  G) . 

Where  possible,  yield  measurements  were  made  in  these  ungrazed  areas. 
When  carrying  capacities  of  adjacent  grazed  pastures  were  computed, 
additional  adjustments  were  made  for  the  apparent  changes  due  to  less 
productive  species  being  present  as  a  result  of  past  grazing  use.   To 
obtain  improvement  in  some  of  the  pastures,  it  is  probable  that  stocking 
rates  should  be  even  lower  than  those  shown  on  Table  75.   Range  condition 
estimates  were  based  on  principles  proposed  by  Dyksterhuis  (1949),  range 
site  and  condition  guides  provided  by  the  U.S.  Soil  Conservation  Service, 
and  personal  judgment  based  on  experience. 

Changes  resulting  from  heavy  use  by  livestock,  that  are  apparent  in  the 
data  (Table  75) ,  include  a  reduction  in  live  plant  cover  and  a  general 
shift  from  palatable  and  productive  species  to  less  palatable  and  less 
productive  species.   Estimates  of  range  condition  ranged  from  a  low  of 
33  percent  (fair)  to  59  percent  (good)  for  the  grazed  areas.   All  of  the 
ungrazed  areas  were  considered  to  be  in  excellent  condition  (above  75  percent 
of  climax) . 

Topographic  relationships  of  the  different  vegetation  types  and  changes 
caused  by  grazing  can  be  more  readily  seen  in  Figure  13  than  in  Table  75. 
Figure  13  also  shows,  in  more  detail  than  does  the  vegetation  map  (Plate  33, 
Appendix  G)  the  changes  that  occur  in  plant  communities  over  short  distances. 
These  changes  are  caused  by  differences  in  slopes,  exposures,  and  soils. 
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The  area  referred  to  as  "flat"  may,  at  other  similar  sites,  be  gently 
rolling  with  slopes  of  5  percent  or  more.   For  quantitative  measures  of 
changes  due  to  grazing,  Table  75  must  be  examined. 

Vegetation  types  shown  in  Table  75  are  grouped  in  three  broad  topographic 
categories  as  follows:   (1)  relatively  flat  areas  (Needleandthread-Blue  grama), 
(2)  sloping  areas  (Prairie  sandreed-Little  bluestem) ,  and  (3)  relatively 
flat  alluvium  or  f loodplains  (Western  snowberry-Prairie  sandreed) .   The 
steep,  north-facing  slope,  sites  3A  and  3A' ,  is  considered  different  enough 
to  be  listed  separately.   Names  of  the  types  are  derived  from  the  nongrazed 
sample  areas  which  represent  the  potential  vegetation  for  the  study  area. 
Good  arguments  could  be  made  for  using  present  vegetation  as  represented 
by  the  grazed  areas.   However,  the  use  of  potential  vegetation  is  in  agree- 
ment with  the  concept  by  Kuchler  (1964)  in  his  "Potential  Natural  Vegetation 
of  the  United  States." 

The  weighted  average  range  condition  for  the  grazed  areas  is  48  percent  or 
high  fair  condition.   Some  of  the  better  lands  of  the  study  area,  roughly 
estimated  as  50  percent,  are  cultivated;  thus,  estimated  productivity  based 
on  grasslands  sampled  is  an  underestimate  of  overall  land  productivity. 
However,  based  on  the  weighted  average  carrying  capacity  (2.06  acres  per 
animal  unit  month),  some  11.6  sections  (7,416  acres)  would  be  required  to 
support  a  livestock  operation  of  300  animal  units.   Supplemental  feed  from 
cultivated  land  would  considerably  reduce  this  estimate. 

Productivity  similar  to  or  greater  than  that  of  the  present  potential 
vegetation  would  be  a  feasible  objective  of  reclamation  following  mining. 
Meeting  this  objective  will  require  that  the  productive  soils  now  present 
be  moved  to  newly  shaped  spoils  and  that  many  of  the  desirable  species 
present  on  the  ungrazed  sites  be  reestablished.   Shaping  of  the  land  to 
reduce  some  of  the  steeper  slopes  now  present  should  result  in  more  land 
area  suitable  for  cultivation  and,  probably,  higher  productivity. 
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Figure    13 
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Percent  cover  of  vegetation,  mulch,  bare  soil,  and  rock,  pigs  yields  of  vegetation,  and  mulch  in 
pounds  per  acre.   Range  condition  and  carrying  capacity  for  each  site  are  also  shown 


Table   7  5 


Vegetation   types. 


Site   numbers. 


Grazing    treatment 


KentucKy 

bluegrass- 

Prairie    sandreed 


3A 

Ungrazed 

N-15° 


3A' 
Grazed 
N-15° 


3B 

Ungrazei 

Flat 


Needxeandtnread-Blue    grama 


33' 

Graied 

Flat 


5A 

Ungrazed 

Flat 


5A' 

Grazed 

Flat 


Ungrazed 
S-2° 


3C 

Ungrazed 

S-20° 


Crazed 
S-20° 


Grazed 
S-12° 


Prairie    sand reed -Lit tie   blue stem 


3D 


3D' 


3E 


3E' 


Ungrazed       Grazed       Ungrazed       Grazed 
S-U°         S-U°         N-9°  N-9° 


3F 

Ungrazed 

N-6° 


3F' 
Grazed 
N-6° 


Ungrazed 


N- 


3G' 
Grazed 
N-40 


Western 

snowberry- 

Prairie  sandreed 


Grazed 
Flat  alluvium 


Genus  and  species 

Shrubs 

Artemisia  frigida 
Gutierrezia  sarothrae 
Rosa  ark.ar.sana 
Salix  sp. 
Symp'norlcarpos 
occidentals 

Grasses  and  grass-likes 
Agropyron  smithii 
Agropyron  subsecundum 
Agropyron  trachycaulum 
Agrostis  scabra 
Andropogor.  %erardi 
Andrpopgon  scoparius 
Arise ida  longiseta 
Bouteloua  curtipendula 
Bouteloua  gracilis 


Bromus 


errais 


Calamovilfa  iongifolia 
Carex  eleocharis 
Carex  fillfoj.ia 
Carex  heliophila 
Koeleria  cristata 
Muhlenbergia  cuspidata 
Panicum  vilcoxianum 


Pna  prat 


sis 


Poa  sp. 
Setarla  sp. 

Stlpa  comata 
Stipa  viridula 


Forbs 

Achille 


Ane 


ne  sp. 


Antennaria  aprica 
Artemisia  glauca 
Artemisia  ludovlciana 
Aster  mulciflorus 
Cerastium  sp. 
Chrysopsis  villosa 


Clrsium  undulatum 
Cqmanara  pallida 
Euphorbia  glyptosperma 
Gaillardia  aristata 
Galium  boreale 
Grlndelia  squarrosa 
Haplopappus  spinulosus 
Hellanthus  rieidus 
Hymenopappus  tenuifollus 
Lactuca  sp. 
Liatris  punctata 
Lyeodesmia  juncea 
Kimulus  sp. 
Monarda  fistulosa 
Petalostemum  purpureum 
Phlox  hoodii 
Psoralea  argophylla 
Ratlbida  columnlf era 
Solidago  missouriensis 
Solidago  altissima 
Solidago  ngiria 
Sphaeralcea  coccinea 
Taraxicum  officinale 
Theiespenna  gracile 
Thermopsis  rhotnbifolia 
Tragopogon  pratensis 
Trifolium  sp. 

Mulch 
Bare  soil 
Rock. 


Common  name 


Fringed  sagewort 
Snakeweed 
Prairie  wild  rose 
Willow 

Western  snowberry 

Western  wheatgrass 
Bearded  wheatgrass 
Slender  wheatgrass 
Ticklegrass 
Big  bluestam 
Little  biuestem 
Red  threeawn 
Sideoats  grama 
Slue  grama 
Smooth  brome 
Prairie  sandreed 
Needleleaf  sedge 
Ihreadleaf  sedge 
Sun  sedge 
Prairie  vinegrass 
Stonyhills  muhly 
Wilcox  panicum 
Kentucky  bluegrass 
Bluegrass 
Bristlegrass 
Needieand thread 
Green  needlegrass 

Yarrow 

Wind flower 

Pussytoes 

Green  sage 

White  sage 

Hany-f lowered  aster 

Chickweed 

Hairy  goldaster 

Wavyleaf  thistle 

Bastard  toadflax 

Ridge-seeded  spurge 

Gaillardia 

Northern  bedstraw 

Gumweed 

Spiny    sideranthus 

Stiff    sunflower 

Hymenopappus 

Wild    lettuce 

Blazing  scar 

Skeltonweed 

Monkeyf lower 

Wild  bergamot 

Purple   prairleclover 

Hood's  phlox 

Silver  psoralea 

Prairie  coneflower 

Missouri  goldenrod 

Tall  goldenrod 

Stiff leaf  goldenrod 

Salmon-colored  mallow 

Dandelion 

Greenhead 

Goldenpea 

Oyster  salsify 

Clover 

Unidentified  forbs 


Cover   Yield     Cover 


7  (180.5)  4 

6  (35.0)  T 

6  (42.0)  8 

17  (45.0)     


40    (417.5) 


48-5) 

(2.5) 


(22.0) 

2     (3.5) 


11    (957.5)      32 


Cover   Yield    Cover 

T     (11.5)     12 
1     (12.5)     T 


(165.0)   


14    (234.0) 


2  (131.5) 
2  (101.0) 
1     (10.5) 


(13.5) 
(52.5) 


(2.0) 

(4.5) 
(4.0) 


25    (383.0) 


Yield 
(26.0) 


(12.0) 
(140.0) 


Cover 


Cover   Yield 


Cover   Yield 




12 

18 

T 

6 

(64.5) 

(2.0) 

12 

(16.5) 

(11-0) 

6 

7 

6 

3 

(3S.0) 
(16.5) 



T 

5 

(2.5) 
(67.0) 


1    (16.0) 
1    (17.0) 


(6.0) 
(37.0) 
(3.3) 


(12.0) 
(77.0) 


—   (24.3) 
I     (2.3) 


(5.0) 
(0.3) 
(17.7) 


(6.7) 

(2.0) 


(0.3) 

39    (253.3) 


49    (738.5) 


12    (85.5) 
(8.5) 


(288.7)    


(5.0) 
(9.5) 


(11.5) 
(6.0) 


(5.0) 
(12.0) 
'15.5) 

(6.5) 


(59.0) 

(4.5) 

2    (10.0) 


10   (1012.5) 


Cover  Yield 

(57.0) 

2  (2.0) 

(30.7) 


Yield 


Yield     Cover   Cover   Yield 


Cover 


(0.3) 

(24.7) 

(66.7) 
(13.0) 
(48.0) 
(27.3) 


(13.7) 
(35.3) 
(2.7) 

(1.0) 

(0.7) 


(28.0) 
(2.0) 


(1 

3) 

—   (5 

7) 

—   (29 

.7) 

—   (3 

3) 

(397.0) 
(28.0) 


(15.0) 
(491.0) 


(29.5) 
(23.5) 


(26.0) 
(18.0) 


57    (648.5)      46 


(42.5) 




1 

(5.0) 

— 

23 

(187.0) 

— 

T 

(4.0) 

9 

36 

4 

(293.0) 
(32.5) 

T 

2 

(20.5) 

1 

3 

(21.0) 

16 

2 
1 

(19.5) 
(10.5) 

(4.0) 

(2.0) 


(46.0) 
(15.0) 


7     (56.0) 
3    (24.5) 


(5.0'       1 


16   (9543.3)     26 


Cover   Yield     Cover 

T     (0.5)       18 


3    (33.5) 


T     (5.5) 
13    (796.5) 


(22.5) 
(19.0) 


(142.5) 
(1.0) 


(450.5) 
(125.5) 


(13.0)     


I     (4.0) 
T     (2.0) 


5    (60.0) 

1    (12.0)     


Cover   Yield 


22    (802.3) 


7    (107.0) 


33    (182.7) 


T     (13.0) 
(5.7) 


I    (86.0) 


(3.3) 

13    (366.7) 


Tocal  live  cover  (percept)  or  total 
vegetation  yield  (lb/acre) 

Range  condition  in  percent 

Carrying  capacity  in  acres  per  animal  unit 


89  (820.5)  62 
57 
2.1 


75    (813.5) 


70 

60 

(701.2) 

90 

(1028.7) 

63 

55 

59 

2.9 

1.4 

84    (819.5      74 
45 


87    (990.5)      75       87   (1296.9) 
42  35 

1.7  2.9 
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HYDROLOGY 

The  area  as  defined  for  the  EMRIA  No.  10  study  does  not  of  itself  make 
a  viable  unit  for  hydrologic  analysis.   Consequently,  the  study  area  for 
hydrologic  purposes  was  redefined  as  shown  in  Figure  14.  The  area  is  a 
28-square-mile  basin  tributary  to  Antelope  Creek.   The  ground  water 
investigation  was  extended  beyond  the  area  boundaries,  whereas  the  surface 
water  investigation  was  contained  within  the  boundaries. 

Ground  Water 

Usable  water  can  be  obtained  from  the  consolidated  rocks  of  Late  Cretaceous 
and  Tertiary  age  and  from  the  unconsolidated  deposits  of  Quaternary  age. 
The  most  important  bedrock  aquifers  occur  within  the  consolidated  rocks 
of  the  Fox  Hills  Sandstone,  Hell  Creek,  and  Fort  Union  Formations.   The 
aquifers  consist  mainly  of  fine-  to  medium-grained  sandstone,  and  potential 
well  yields  generally  will  not  exceed  150  gal/min  (Croft,  1973).   The 
water  is  used  mainly  for  domestic  and  livestock  purposes.   It  is  generally 
a  sodium  bicarbonate  type  that  contains  large  amounts  of  dissolved  constit- 
uents and  is  not  suitable  for  irrigation. 

The  glaciof luvial  sand  and  gravel  deposits  of  Beulah  Trench  (Antelope  Creek 
aquifer)  are  an  important  aquifer  in  the  study  area. 

Wells  in  the  central  part  of  the  aquifer  should  yield  100  to  500  gal/min 

(Croft,  1973).   Domestic  and  livestock  water  supplies  depend  almost 

entirely  on  ground  water  from  these  aquiferous  units.   The  aquifers  of 

the  Sentinel  Butte  Member  of  the  Fort  Union  Formation  and  the  unconsolidated 

Antelope  Creek  aquifer  were  considered  most  likely  to  be  impacted  by 

mining. 

Sentinel  Butte  Aquifers 

The  stratigraphy  and  lithology  of  the  Sentinel  Butte  Member  have  been 
described  previously.   The  member  consists  mostly  of  fine-grained  clastic 
sediments  and  lignite.   Generally  the  sandstone  is  poorly  cemented, 
poorly  sorted,  and  has  a  large  clay  content;  therefore,  it  has  low 
porosity  and  hydraulic  conductivity.   The  porosity  of  the  sandstone 
ranges  from  less  than  5  to  a  maximum  of  about  50  percent.   Most  of  the 
sandstone  in  the  Sentinel  Butte  occurs  as  a  basal  unit  (Fig.  15)  at  an 
altitude  of  about  1,700  feet  NGVD  (National  Geodetic  Vertical  Datum 
of  1929). 

Hydraulic  conductivity  of  poorly  consolidated  or  unconsolidated  sediments 
can  be  estimated  from  grain  size  and  cementation  characteristics.   Croft 
(1973)  gives  a  table  for  estimating  hydraulic  conductivity  of  such  sediments, 
A  value  for  hydraulic  conductivity  of  5  to  20  feet  per  day  was  estimated 
for  the  basal  Sentinel  Butte  sandstone  unit.   The  fine-grained  siltstone 
and  clays tone,  which  comprise  about  65  percent  of  the  member,  have  a 
hydraulic  conductivity  of  between  0.1  and  2.0  feet  per  day,  as  estimated 
by  Croft's  technique. 
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Four  water  samples  collected  from  wells  tapping  the  aquifer  in  the  basal 
Sentinel  Butte  sandstone  were  analyzed  for  dissolved  ionic  species.   Sodium 
constituted  more  than  95  percent  of  the  cations.   Sodium  concentrations 
ranged  from  390  to  870  mg/L,  whereas  calcium  and  magnesium  concentrations 
were  less  than  8  mg/L  in  all  samples.   Bicarbonate  plus  carbonate  consti- 
tuted from  80  to  84  percent  of  the  anions,  and  sulfate  ranged  from  1  to 
17  percent.   Chloride  concentrations  ranged  from  less  than  1.0  to  18  percent. 
Trace  metals,  iron,  and  manganese  were  low  in  all  samples  analyzed. 
Total  dissolved  solids  ranged  from  1,010  to  2,150  mg/L. 

Lignite  beds  form  aquifers  in  many  parts  of  western  North  Dakota.   The 
Beulah-Zap  lignite  bed  forms  a  shallow  generally  confined  aquifer. 
Hydraulic  conductivity  and  direction  of  ground  water  flow  in  this  lignite 
bed  are  probably  controlled  by  fractures  and  joints;  therefore,  these 
properties  vary  from  one  location  to  another.   Analyses  of  the  Beulah-Zap 
lignite  using  a  technique  described  by  Alger  (1966)  yielded  fairly 
consistent  values  for  hydraulic  conductivity  of  0.5  foot  per  day  to 
2.0  feet  per  day.   However,  the  validity  of  this  type  of  analysis  for 
aquifer  material  such  as  lignite  is  not  clear. 

In  the  study  area  the  vertical  hydraulic  gradient  from  the  surface  downward 
to  the  Beulah-Zap  lignite  ranges  from  0.82  foot  per  foot  to  about  0.59  foot 
per  foot.   The  vertical  gradient  from  the  Beulah-Zap  lignite  downward  to 
the  basal  Sentinel  Butte  sandstone  unit  ranges  from  0.62  to  0.37  foot 
per  foot.   These  data  indicate  that  the  vertical  hydraulic  gradient  in  the 
Sentinel  Butte  decreases  with  increasing  depth. 

The  horizontal  hydraulic  gradient  in  the  basal  Sentinel  Butte  sandstone 
unit  could  not  be  defined  with  available  data.   The  gradient  in  the 
Beulah-Zap  lignite  is  about  5  feet  per  mile. 

The  water  levels  in  the  basal  Sentinel  Butte  sandstone  unit  are  fairly 
persistent  across  the  study  area  and  appear  to  be  controlled  by  the  level 
of  Lake  Sakakawea.   The  lake  acts  as  a  constant  head  boundary  for  the 
aquifers  in  the  basal  Sentinel  Butte  sandstone  and  provides  the  major  part 
of  the  recharge  to  this  aquifer.   Some  recharge  also  is  derived  from  small 
amounts  of  leakage  through  overlying  sediments.   There  are  no  known  areas 
of  discharge  for  the  basal  Sentinel  Butte  sandstone  in  the  study  area. 

Ground  water  in  the  Beulah-Zap  lignite  moves  from  the  highlands  area  in  the 
west  toward  the  Antelope  Creek  tributary  valley.   Water-level  data  indicate 
unconfined  conditions  near  the  outcrop  along  the  Antelope  Creek  tributary 
valley,  and  here  the  lignite  acts  as  a  water-table  aquifer.   Discharge 
from  the  lignite  occurs  along  the  valley  flanks  as  seepage  from  small 
springs.   Although  no  flow  measurements  were  made,  visual  inspections 
indicate  the  spring  flows  are  minimal.   During  the  growing  season,  water 
is  probably  discharged  from  the  lignite  by  evapotranspiration. 

Recharge  to  the  Beulah-Zap  lignite  results  from  downward  leakage  from 
overlying  sediments  and  by  infiltration  of  precipitation  in  areas  of  outcrop 
and  thin  overburden  cover. 
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In  three  water  samples  collected  from  wells  in  the  Beulah-Zap  lignite 
aquifer,  sodium  plus  potassium  constituted  29,  70,  and  95  percent  of  the 
cations,  and  bicarbonate  constituted  40,  67,  and  85  percent  of  the  anions 
present.   Total  dissolved  solids  were  723,  1,050,  and  1,170  mg/L. 

Composition  of  the  water  in  the  Beulah-Zap  lignite  appears  to  be  variable 
based  on  the  three  samples.   Trace  metals  were  found  only  in  low  concen- 
trations, probably  due  to  the  low  solubility  of  these  trace  metals  in 
alkaline  water  such  as  those  in  the  Beulah  Trench  area.   Only  barium 
(100  ug/L)  concentrations  in  the  waters  of  the  Beulah-Zap  lignite  aquifer 
appear  to  exceed  those  determined  in  the  overlying  aquifers. 

Antelope  Creek  Aquifer 

The  Antelope  Creek  aquifer  underlies  the  Beulah  Trench  between  Lake  Sakakawea 
and  Spring  Creek  and  the  Knife  River.   The  valley  is  less  than  1  mile  wide 
and  is  approximately  16  miles  long  in  the  study  area.   The  deposits 
forming  the  aquifer  consist  of  glaciof luvial  sand  and  gravel  interbedded 
with  silt  and  clay  (Fig.  16).   Overlying  these  deposits  are  from  10  to 
30  feet  of  alluvium  composed  of  sandy  silt  and  clay.   The  aquifer  reaches 
a  maximum  local  thickness  of  330  feet.   The  glaciof luvial  material  overlies 
the  Tongue  River  Member  of  the  Fort  Union  Formation. 

The  sand  and  gravel  deposits  of  the  aquifer  for  the  most  part  are 
unconsolidated  and  are  highly  permeable. 

The  Antelope  Creek  aquifer  has  two  basic  units;  a  thick  and  continuous 
sand  and  gravel  unit  at  the  base,  overlain  by  a  unit  of  interbedded  sand, 
gravel,  silt,  and  clay.   The  basal  sand  and  gravel  unit  has  a  maximum 
known  thickness  of  140  feet  near  the  southern  end  of  the  area,  decreases 
to  less  than  50  feet  near  the  central  part,  and  again  increases  to  a 
thickness  of  120  feet  at  the  northern  end.   The  hydraulic  conductivity  of 
the  basal  unit,  as  estimated  from  grain-size  and  grain-sorting  character- 
istics, is  from  100  to  200  feet  per  day. 

The  basal  unit  is  a  highly  permeable  conduit  connecting  Lake  Sakakawea  and 
the  Knife  River.   However,  at  this  time  data  are  not  sufficient  to  determine 
whether  or  not  movement  of  water  from  the  lake  to  the  Knife  River  occurs. 
Lake  Sakakawea  acts  as  a  constant  head  boundary  for  the  basal  aquifer  unit. 
The  pool  elevation  of  the  lake  is  reflected  in  water  levels  of  wells  in 
the  basal  unit.   A  well  located  in  SE^  sec.  21,  T.  146  N.,  R.  88  W. ,  at 
the  north  end  of  the  Antelope  Creek  aquifer,  less  than  1/2  mile  from  the 
edge  of  Beaver  Bay  on  Lake  Sakakawea,  has  water-level  elevations  about 
the  same  as  the  pool  elevation  of  the  lake.   As  the  lake  level  fluctuates, 
the  water  level  in  this  well  reflects  the  change  very  rapidly.   A  well 
in  SW^;  sec.  2,  T.  145  N.,  R.  88  W.,  is  located  approximately  4  miles  from 
Beaver  Bay;  its  water  level  also  reflects  the  level  of  the  lake,  but  with 
a  dampened  effect  and  with  several  days  delay. 

When  Lake  Sakakawea  is  at  maximum  pool  elevation  (1,850  feet),  the  lake 
recharges  the  Antelope  Creek  aquifer.   As  the  lake  level  drops,  the  ground- 
water flow  direction  is  reversed,  and  ground  water  flows  from  the  aquifer 
to  Lake  Sakakawea. 
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The  horizontal  hydraulic  gradient  in  the  basal  unit  is  very  gradual  and  1 

fluctuates  with  changes  in  the  level  of  the  lake.   The  vertical  hydraulic  ^ 

gradient  in  the  basal  aquifer  unit  is  less  than  0.1  foot  per  foot. 

The  interbedded  sand,  gravel,  silt,  and  clay  of  the  upper  unit  has  an 
estimated  hydraulic  conductivity  of  10  to  40  feet  per  day. 

Water  levels  in  wells  screened  in  sand  and  gravel  beds  in  the  upper  part 
of  the  Antelope  Creek  aquifer  indicate  that  ground  water  moves  from  the 
surface  downward.   The  vertical  hydraulic  gradient  from  the  surface  to 
a  depth  of  100  feet  ranges  from  0.45  foot  per  foot  to  about  0.33  foot 
per  foot.   The  gradient  decreases  with  increasing  depth.   The  vertical 
gradient  from  a  depth  of  100  feet  to  the  basal  aquifer  unit  becomes  less, 
ranging  from  0.26  foot  per  foot  to  less  than  0.10  foot  per  foot.   The 
horizontal  hydraulic  gradient  measured  in  the  sand  and  gravel  beds  in 
the  upper  unit  ranges  from  16  to  4  feet  per  mile.   North  of  a  well  in 
the  Wh   sec.  13,  T.  145  N.  ,  R.  88  W.,  the  ground  water  flow  in  the  upper 
unit  is  northward  toward  Lake  Sakakawea,  and  south  of  this  well  ground- 
water flow  is  southward  toward  the  Knife  River,  indicating  that  the  area 
near  this  well  is  a  ground  water  divide. 

The  upper  part  of  the  Antelope  Creek  aquifer  is  recharged  by  infiltration 
or  precipitation. 

Fifteen  water  samples  collected  from  various  zones  in  the  Antelope  Creek 
aquifer  were  analyzed  to  determine  their  chemical  composition.   Cation 
compositions  within  the  Antelope  Creek  aquifer  were  found  to  be  a  mixed 
type  including  calcium,  magnesium,  and  sodium.   The  dominant  anion  was 
bicarbonate. 

Sodium  plus  potassium  comprised  from  15  to  77  percent  of  the  cations  present, 
and  bicarbonate  plus  carbonate  from  65  to  87  percent  of  the  anions.   Total 
dissolved  solids  ranged  from  383  to  1,320  mg/L.   Ground  water  pH  was 
relatively  constant,  ranging  from  7.20  to  7.90. 

Surface  Water 

The  study  area  is  drained  by  an  unnamed  tributary  of  Antelope  Creek.   This 
tributary  enters  Antelope  Creek  about  9  miles  above  its  confluence  with  the 
Knife  River.   The  drainage  is  generally  well  connected,  although  there 
are  isolated  areas  of  shallow  potholes  or  depressions  and  scattered  manmade 
stock-watering  ponds. 

Antelope  Creek  tributary  is  an  ephemeral  stream  with  most  of  the  flow 
usually  occurring  during  the  spring  snowmelt  period.   Although  only  20  per- 
cent of  the  yearly  precipitation  occurs  as  snow  during  the  months  of 
October  to  March,  most  of  the  annual  runoff  is  from  snowmelt  because  frozen 
ground  conditions  permit  little  infiltration  during  the  usually  rapid 
melting  of  the  snowpack. 

Application  of  a  regression  equation,  based  on  other  small  basin  streamflow 
records  and  physical  parameters  from  western  North  Dakota  to  the  study 
area,  suggests  a  mean  annual  runoff  of  2,050  acre-feet  with  a  mean  standard 
error  of  33  percent. 
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Figure    16 
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Water  quality  samples  were  obtained  at  seven  surface  water  sites  in  the 
study  area.   Samples  were  taken  during  the  rainfall-runoff  period  of 
June  15  and  16,  1977,  and  during  the  spring  runoff  of  March  1978. 

Water  in  the  Antelope  Creek  tributary  at  the  lower  end  of  the  study  area 
was  a  calcium-magnesium  bicarbonate  type  for  all  samples  analyzed.   Calcium 
never  exceeded  45  percent  of  the  cations,  and  magnesium  never  exceeded 
30  percent  of  the  cations.   Water  quality  at  this  site  did  not  vary  sig- 
nificantly between  rainfall  runoff  and  snowmelt  runoff.   Total  dissolved- 
solids  concentrations  were  relatively  low,  remaining  within  a  narrow 
range  between  76  and  136  mg/L  and  varying  inversely  with  measured  discharge. 

Antelope  Creek  tributary  water  in  NW^  sec.  26,  T.  145  N.,  R.  88  W. ,  was 
principally  of  calcium-magnesium  bicarbonate-sulf ate  type.   Although  the 
discharge  varied  by  about  one  order  of  magnitude  between  samples,  the 
snowmelt  runoff  remained  quite  similar  in  composition;  calcium  never 
exceeded  45  percent  and  magnesium  never  exceed  35  percent  of  the  cations, 
and  bicarbonate  never  exceeded  55  percent  and  sulfate  never  exceeded 
46  percent  of  the  anions.   The  average  dissolved-solids  concentration  in 
these  samples  was  151  mg/L.   However,  the  quality  of  water  from  the 
June  15,  1978,  rainfall  runoff  event  was  significantly  different  from  the 
snowmelt  samples  of  March  22,  1978,  even  though  discharges  were  about  the 
same.   In  the  rainfall  runoff  sample,  calcium  and  magnesium  comprised 
34  percent  of  the  cations  each,  while  bicarbonate  comprised  26  percent 
and  sulfate  73  percent  of  the  anions.   The  dissolved-solids  concentration 
was  626  mg/L,  which  is  much  higher  than  for  snowmelt  runoff.   This  vari- 
ation is  probably  due  to  increased  amounts  of  ground  water  entering  the 
stream,  either  spatially  or  temporally  due  to  the  resumption  of  infiltration 
after  the  ground  thawed. 

Suspended  sediment  samples  were  collected  for  a  runoff  period  in  June  1977 
and  for  several  periods  of  runoff  in  1978.   The  sediment  concentrations 
vary  for  a  given  discharge  by  one  to  two  orders  of  magnitude.   This  varia- 
bility precludes  quantitative  conclusions,  but  the  data  indicate  a  roughly 
inverse  relationship  between  concentration  and  discharge.  A  greater 
contribution  of  sediment  during  the  summer  rainfall  events  than  during 
the  spring  runoff  event  is  suggested  by  the  data. 

Hydrologic  Classification  of  Land  Types 
Using  Rainfall  Simulation 

The  Beulah  Trench  Study  Area  was  divided  into  four  major  land  classes,  A, 
B,  C,  and  D.   These  classes  possess  runoff  characteristics  which  are  similar 
over  its  areal  extent.   Rainfall-simulation  runs  were  made  on  two  of  the 
land  classes  in  September  1976  to  determine  the  hydrologic  characteristics. 
These  baseline  data  will  be  the  basis  for  comparison  with  future  changes 
which  might  occur  from  surface  mining,  or  other  changes  in  land  use. 

A  hydrologic  classification  map  of  the  area  was  prepared  using  aerial 
photographs  (Plate  34) .   Locations  where  the  simulation  runs  were  made 
are  also  shown  on  Plate  34.   Responses  similar  to  those  obtained  from  the 
applied  simulated  rainfall  could  be  expected  from  areas  of  the  same 
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hydrologic  class  shown  on  the  map.   The  simulation  sites  were  chosen  to  be 
representative  of  the  soil,  vegetation,  and  relief  within  each  hydrologic 
class.   Photographs  of  the  sites  are  shown  in  Figures  17  and  18.   Runoff  and 
sediment -yield  values  may  have  to  be  altered  somewhat  to  compensate  for 
radically  dissimilar  slopes  and  soil  depth.   Data  obtained  at  the  sites  are 
shown  in  Table  76. 

Methods  used  to  obtain  the  data  from  each  simulation  site  listed  in  Table  76 
are  as  follows: 

1.  Runoff — Measured  in  a  Parshall  flume  with  1-inch  throat.   Readings 
of  stage  made  at  1-minute  intervals  and  converted  to  discharge 

in  cubic  feet  per  second.   From  these  data,  a  runoff  hydrograph 
was  constructed  and  total  volume  of  runoff  was  computed  and  expressed 
in  inches  per  unit  area.   Also  from  these  data,  an  infiltration- 
rate  curve  was  constructed  by  subtracting  the  runoff  from  the 
rainfall  applied  for  each  1-minute  interval  and  expressed  as  the 
infiltration  rate  in  inches  per  hour. 

2.  Precipitation — Measured  in  a  network  of  rain  gages  within  the  study 
area.   Rainfall  for  the  total  area  was  computed  using  the  Thiessen 
polygon  method. 

3.  Sediment  yield — Water  samples  were  obtained  from  the  outflow  at 
3-minute  intervals  and  were  analyzed  for  sediment  concentration. 
The  sediment  concentrations  were  plotted  and  a  concentration  curve 
was  drawn  between  points.   From  this  curve,  a  concentration  was 
obtained  for  each  minute  to  compute  the  sediment  load.   Total 
sediment  load  is  expressed  in  pounds  and  in  tons  per  square  mile. 

4.  Area — Obtained  from  a  topographic  survey  of  the  site  and  expressed 
in  square  feet. 

5.  Weighted  mean  slope — Obtained  by  measuring  the  area  between  contours 
and  weighting  the  slope  of  that  area  according  to  the  percentage 
the  area  is  of  the  whole. 

6.  Antecedent  moisture — Obtained  from  gravimetric  samples  of  the  top 

10  centimeters  of  soil.   Samples  were  usually  taken  at  four  locations 
within  the  site  and  averaged  for  the  final  result.   Expressed  as 
percentage  by  weight.   Two  runs  are  normally  made  at  each  site. 
The  first  is  made  in  a  dry  condition  and  the  second  after  water  in 
the  soil  has  come  to  a  gravimetric  equilibrium.   Soil-moisture 
samples  were  taken  before  each  run. 

7.  Clay — Obtained  from  soil  samples  taken  from  the  top  10  centimeters 
of  soil  at  numerous  locations  within  the  site.   Samples  were 
analyzed  for  percentage  by  weight  of  material  less  than  0.002  milli- 
meters in  diameter. 

8.  Root  concentration — The  amount  of  fibrous  root  material  in  the  top 
10  centimeters  of  soil.   Expressed  in  grams  per  100  grams  of  soil. 
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Plate  34 
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Figure  17 


Figure  17  — Rainfall  simulation  is  shown  on  site  1  in  the 
top  photograph.   A  point  frame  for  measuring  the 
vegetation  is  shown  on  site  2  in  the  bottom  photo- 
graph. 
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Figure  18 


Figure  18 — Rainfall  simulation  on  site  3  in  the  top 

photograph  and  on  site  4  in  the  bottom  photograph, 


H 


1 

I 

I! 
I 
1 
II 
1! 
II 
I 


Table   76 


• 

3 

0) 

l-i 

u 

(0 

4-1 

CD 

>. 

3 

oi 

-1 

CO 

u 

03 

01 

4J 

CO 

.3 

u 

3 
CD 

u 

•H 

3 
•H 

H 

CN 

.3 

CO 
i-H 

3 
3 

d 

3 

PQ 

>% 

4-> 

CO 

U 
T3 

CO 

CO 
3 
4J 

•H 

CO 
r) 

10 

•H 

T> 

U 

3 

o 

•rH 

•H 

4-1 

fi 

CO 

n 

tH 

•H 

3 

4-1 

B 

01 

•H 

e 

<a 

60 

•H 

fca 

rn 

O 

0) 

^ 

T? 

«4-4 

d) 

•3 

4-t 

3 

•H 

c 

rn 

•H 

CO 

m 

j-j 

O 

-Q 

U 

•u 

u 

CO 

cO 

4-1 

a 

CO 

Q 

X) 

1 

d 

1 

o 

CJ 

K 

3 

p» 

CO 

3 

^H 

3. 

ja 

•H 

CO 

H 

t— t 

CM 
I 


I 


CN 
I 

en 


l 
en 


CO 


CM 
CN 


l 

CN 


CN 
I 


iH 

X) 
CO 

•H 
)-. 
CO 

> 


ao 
ON 
ON 


en 

O      r*» 


en 

vO 


ON 

on 


ao 


o 


1 

CN 

ON 

r>» 

r^ 

CN 

•n 

_* 

r>» 

t— 4 

i— I 

«N 

vO 

vO 

CN 

cn 

-3- 

av 

CN 

ao 

vO 

ON 

vl- 

•—I 

•— • 

ON 

vO 

r*». 

«* 

—* 

CM 

ON 

O 

vO 

vO 

•— • 

00 

*» 

O 

I 

en 

CM 

ON 

ON 

r^. 

CN 

in 

r—t 

in 

vO 

»-i 

CN 

l 

vO 
vO 

—4 

cn 

CM 

ON 

CM 

00 

vO 

vO 

ao 

«* 

r^ 

<f 

i 

•"• 

vO 

in 

""• 

cn 

ON 

f— 4 

ON 

ON 

o 

ON 

i 

m 

-» 

CN 

o 

•* 

•— 1 

m 

CN 
1 

CN 

CN 

CN 

cn 

<3\ 

CN 

ao 

vO 

sO 

m 

ON 

r^ 

CO 

t 

—t 

00 

«n 

f— i 

cn 

00 

f-4 

vO 

CM 

o 

00 

l 

in 

m 

•<T 

cn 

o 

sr 

r— • 

— • 

o 

CN 

1 

CN 

CN 

»— • 

en 

— • 

on 

CN 

CM 

vO 

en 

en 

r-4 

ao 

^- 

i 

CO 

ao 

in 

O 

en 

ao 

CM 

in 

vO 

O 

o 

i 

ao 

O 

ON 

on 

O 

cn 

CM 

w— 1 

i— • 

a\ 

i— i 

l 

ON 
CN 

•— i 

CN 

on 

CN 

CM 

vO 

cn 

1— 1 

— > 

o 

CM 

Ov 

1 — 

ao 

.-« 

in 

O 

cn 

vO 

cn 

o 

en 

CM 

OV 

r-» 

O 

ON 

r» 

O 

cn 

CM 

i-« 

cn 

ao 

1 

ON 
CM 

r—t 

CM 

t— • 

ON 

CM 

ON 

vO 

* 

m 

ON 

r»» 

ao 

m 

m 

1 

•— • 

CM 

O 

vO 

in 

cn 

VO 

vO 

O 

V0 

m 

CM 

O 

sr 

r*. 

O 

CM 

•—I 

i— 1 

cn 

CM 

■— i 

CM 

t— • 

m 

■— • 

•— • 

CM 

t— • 

r- 

ON 

m 
CM 

ON 

VO 

m 

ON 

ao 

CM 

r^ 

ON 

r>* 

CM 

CM 

vO 

m 

en 

cn 

in 

ON 

ON 

vO 

i— 1 

i— • 

O 

>T 

^3- 

O 

CM 

•— t 

— i 

m 

CM 

i— 1 

CM 

•—4 

m 

F— • 

i— • 

CM 

cn 

ON 

CM 

<^^ 

•H 

a) 

• 

CO 

3 

■H 

U4 

3 
3 
•3 

CD 

<a 

J= 

6 

IM 

a. 

u 

c 

j»: 

a 

O 

o 

3 

o 

CJ 

c 

• 

c 

3 

J2 

i-» 

4-1 

•f4 

o 

•H 

o* 

3 

co 

01 

4-1 

M 

>— ' 

*~* 

CO 

lU 

^>. 

T-t 

^^ 

eo 

CO 

• 

c: 

a 

i-l 

u 

•3 

3 

3 

u 

•3 

4-1 

a 

£ 

c 

4-1 

3 

O 

JS 

3 

3 

r-| 

*M 

CJ  *•>. 

^-> 

01 

c 

^-» 

C3 

y^ 

T-» 

CJ 

01 

Q. 

4-» 

•r-l 

£     4-1 

u 

4-1 

CJ 

a 

ao 

4-1 

4-1 

22 

•a 

CJ 

*»^ 

O 
CO 

• 

C 

C 

c 

1-1 

a 

^^ 

c 

C3 

T-t 

g 

01 

3 

01 

C 

T3     <U 

01 

CJ 

0) 

r£ 

O 

— i 

o»- 

4-1 

V^ 

Li 

3 

3 

U 

eu 

0) 

eu    cj 

•a 

o 

c_ 

5 

o 

O 

CJ 

T-» 

gj 

O 

O 

4-4 

.3 

0)  CO 

>-^ 

u    U 

a 

j-. 

■^^ 

CJ 

w+ 

CO 

u 

c 

VM 

5 

a. 

4-1 

CO 

a 

cj  e 

jC   a 

CJ 

0) 

"^%» 

-J 

•.-• 

14-1 

E 

3 

3 

3     O 

41 

CO 

CO  a. 

0) 

c 

>. 

4-1 

ca 

3 

a. 

a 

O 

— i 

O 

t-t 

<4-l   -^ 

4-» 

O 

1-4    >-^ 

4_l 

*"^ 

a 

o 

v^ 

u 

••^ 

3 

c 

•3 

CJ 

v^ 

!-i     60 

CO 

u 

01 

5 

<-< 

a 

3 

u 

3 

3 

3 

3 

a 

< 

2 

CJ 

as 

C9 

a* 

os. 

CA 

as 

in 

II 
I! 

M 
li 

II 

n 

n 
v 
ii 

ii 


pi 


si 


9.   Bare  soil  and  rock — Obtained  from  three  20-foot  transects  within 
each  site  using  a  point  frame  and  the  first  contact  point  method. 
Pins  lowered  to  the  vegetation  or  ground  surface  at  2-inch  intervals 
are  recorded  at  first  encountering  of  aerial  vegetation,  mulch, 
bare  soil,  or  rock.   Expressed  as  hits  per  100  pins  or  percent 
cover . 

10.   Reconstructed  runoff — Rainfall  applied  normally  varies  somewhat 
about  the  standard  of  1.5  inches  in  45  minutes.   In  order  to 
compare  runoff  results  on  a  standard  basis,  a  runoff  hydrograph 
is  reconstructed  by  determining  the  runoff  that  would  result  from 
subtracting  the  infiltrated  water  determined  during  the  simulation 
event  from  the  water  applied  during  a  standard  storm  of  1.5  inches 
in  45  minutes  for  each  minute  increment. 

Chemical  Analyses 

Samples  of  the  outflow  from  each  site  were  obtained  at  3-minute  intervals 
for  chemical  analyses.   These  samples  were  composited  in  sequential  groups 
so  that  three  or  four  samples  were  obtained  for  the  entire  runoff  period. 
An  analysis  was  made  on  each  composite  sample  for  the  items  listed  in 
Table  77,  Appendix  H.   An  analysis  of  the  water  applied  is  used  as  a 
standard  and  other  values  listed  are  either  an  increase  (+)  or  decrease  (-) 
of  these  values  in  the  runoff  water. 

Maximum  Daily  Precipitation  -  Frequency  of  Recurrence 

A  frequency  of  recurrence  of  maximum  daily  precipitation  during  the  months 
April  through  October  at  Dickinson,  North  Dakota  is  shown  in  Figure  19. 
From  this  curve,  the  following  data  on  the  magnitude  of  storms  of  various 
recurrence  intervals  were  obtained.   The  data  give  a  general  idea  of  storms 
at  the  study  area. 


Recurrence  interval  (years) 


Precipitation  (inches) 


2.33 
10.00 
25.00 
50.00 


1.67 
2.55 
3.07 
3.45 


Hydrologic  Classes 

A  description  of  each  simulation  site  and  of  each  hydrologic  class  follows. 
A  list  of  precipitation  events  of  different  recurrence  intervals  and 
durations  that  were  obtained  from  Weather  Bureau  Technical  Paper  40  are 
also  shown  for  each  site.   The  volume  of  runoff  that  might  be  expected 
from  storms  of  this  type  was  computed  using  infiltration  rates  obtained 
from  the  dry-condition  simulation  events. 
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Class  A 

This  class  consists  of  rolling  uplands  generally  covered  with  a  dense  sod 
made  up  of  native  grasses  and  used  for  livestock  grazing.   The  amount  of 
clay  in  the  soil  may  vary  considerably  from  one  location  to  another,  but 
generally  appears  to  increase  from  south  to  north.   The  following  data  were 
obtained  from  the  simulation  sites: 

Site  1 

Weighted  mean  slope  =  14.2  percent 
Clay  =  20.6  percent 

Bare  soil  and  rock  =   1.3  percent 
Location  -  section  6 
Aspect   -  east 


PI 


Expected  runoff,  in  inches,  from  storms  of  designated  recurrence  interval, 
in  years  (RI) ,  duration,  in  minutes  (D) ,  magnitude  in  inches  (M) ,  and 
antecedent  moisture,  in  percent  (AM) 


RI/D/M 

2/30/0.80 
10/20/1.30 
25/30/1.60 
50/30/1.80 

2/60/1.10 
10/60/1.70 
25/60/2.00 
50/60/2.30 


AM  =  14.2 

.25 
.66 
.94 

1.16 
.21 
.71 
.97 

1.22 


AM  =  17.0 

.17 
.54 
.81 

1.03 
.11 
.57 
.81 

1.06 


Site  2 


Weighted  mean  slope  =  9.8  percent 
Clay  =  20.5  percent 

Bare  soil  and  rock  =  2.3  percent 
Location  -  section  6 
Aspect   -  west 


a 


50 


Figure   19 
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Figure  19  —Recurrence  of  maximum  yearly  24-hour  rainfall  (Apr-Oct) 
at  Dickinson,  North  Dakota. 
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Expected  runoff,  in  inches,  from  storms  of  designated  recurrence  interval, 
in  years  (RI) ,  duration,  in  minutes  (D) ,  magnitude,  in  inches  (M) ,  and 
antecedent  moisture,  in  percent  (AM) 


RI/D/M 

2/30/0.80 
10/30/1.30 
25/30/1.60 
50/30/1.80 

2/60/1.10 
10/60/1.70 
25/60/2.00 
50/60/2.30 


AM  =  17.1 

.02 
.42 
.72 
.94 
.00 
.05 
.26 
.52 


AM  =  17.0 

.00 
.00 
.52 
.74 
.00 
.00 
.05 
.27 


Site  4 

Weighted  mean  slope  =  9.4  percent 
Clay  =  37.2  percent 

Bare  soil  and  rock  =  5.0  percent 
Location  -  section  14 
Aspect   -  south 

Expected  runoff,  in  inches,  from  storms  of  designated  recurrence  interval, 
in  years  (RI) ,  duration,  in  minutes  (D) ,  magnitude,  in  inches  (M) ,  and 
antecedent  moisture,  in  percent  (AM) 


RI/D/M 

2/30/0.80 
10/30/1.30 
25/30/1.60 
50/30/1.80 

2/60/1.10 
10/60/1.70 
25/60/2.00 
50/60/2.30 


AM  ■  19.1 

.12 
.55 
.89 
1.12 
.00 
.41 
.68 
.96 


AM  =  27.7 

.09 
.50 
.82 
1.03 
.00 
.37 
.64 
.91 
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Class  B 

This  class  consists  of  cultivated  land  bordering  stream  channels  or 
drainageways.   Slopes  are  very  flat  and,  because  of  this  fact,  runoff  would 
probably  not  be  excessive  although  infiltration  rates  may  not  be  very  high. 
No  simulation  runs  were  made  on  this  class  because  it  is  all  private 
cul t  i va  ted  1 and . 

Class  C 

This  class  consists  of  cultivated  rolling  hills.   No  simulation  runs  were 
made  on  this  type.   The  soil  texture  is  probably  similar  to  those  sites  in 
class  A.   Because  the  sod  cover  present  on  class  A  soils  is  absent  here, 
erosion  rates  are  probably  much  greater.   Infiltration  rates  may  be 
increased  on  recently  tilled  soils . 

Class  D 

This  class  consists  of  an  area  in  section  4  that  overlies  a  coal  seam  that 
is  close  to  the  surface.   Although  the  clay  content  of  the  soil  is  fairly 
high,  the  permeability  of  the  soil  is  good  because  of  a  dense  root  network 
and  a  porous,  rocky  underlying  strata  composed  of  baked  rock  (clinker).   The 
following  data  were  obtained  from  simulation  site  3: 

Weighted  mean  slope  =  24.1  percent 
Clay  =  30.5  percent 

Bare  soil  and  rock  =  0.3  percent 
Location  -  section  4 
Aspect   -  northeast 


Expected  runoff,  in  inches,  from  storms  of  designed  recurrence  interval, 
in  years  (RI) ,  duration,  in  minutes  (D) ,  magnitude,  in  inches  (M)  ,  and 
antecedent  moisture,  in  percent  (AM) 

RI/D/M  AM  =  13.8  AM  =  22.6 


2/30/0.80  .00  .00 

10/30/1.30  .18  .05 

25/30/1.60  .48  .26 

50/30/1.80  .70  .48 

2/60/1.10  .00  .00 

10/60/1.70  .00  .00 

25/60/2.00  .03  .00 

50/60/2.30  .10  .00 
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Hydrologic  Responses  of  Simulation  Sites 

The  curves  for  runoff,  sediment  concentrations,  and  infiltration  rates 
are  shown  in  Figures  20  through  27.   The  horizontal  segments  on  the  left 
ends  of  the  infiltration  curves  represent  the  rainfall  rates,  which  were 
exceeded  by  the  infiltration  rates  early  in  the  runs. 

Sediment  Yields 

The  sediment-yield  values  presented  for  this  area  were  derived  using  a 
numerical  rating  method  developed  by  the  Pacific  Southwest  Inter-agency 
Committee  (PSIAC)  (1968) .   They  have  been  judged  to  be  reasonably  accurate 
but  they  have  been  only  partially  verified  by  field  measurements. 

The  mapping  units  that  are  the  basis  of  this  evaluation  are  sediment  source 
areas.   A  source  area  is  a  small  drainage  area  occurring  on  a  single  land- 
form  type  or  an  inseparable  complex  of  landforms  and  usually  is  only  part 
of  a  complete  drainage  basin.   The  PSIAC  method  is  used  to  assess  the 
hydrologic  variation  of  the  given  landforms  as  well  as  to  make  estimates 
of  sediment  yield  from  them.   Numerical  ratings  are  assigned  for  each  of 
the  nine  factors  of  the  PSIAC  method  to  representative  sediment-source 
areas  in  accordance  with  the  degree  of  influence  each  factor  has  on  the 
sediment  yield  from  the  area.   These  nine  factors  are  surface  geology, 
soils,  climate,  runoff,  topography,  ground  cover,  land  use,  upland  erosion, 
and  channel  erosion  and  sediment  transport.   The  method  was  developed  to 
make  broad  sediment-yield  classifications  for  large  areas,  such  as  river 
subbasins,  but  Shown  (1970)  found  that  the  method  provides  reasonable 
estimates  for  small  drainage  basins  (.02-7.5  mi^) .   In  applying  the  method 
on  source  areas,  some  adjustments  are  made  because  a  complete  drainage 
system  is  not  being  considered.   Alluvial-fan  and  flood-plain  development 
are  not  considered  in  the  topography  factor  and  sediment-transport  capa- 
bilities are  not  considered  for  channels  that  originate  in  upslope  source 
areas  and  that  cross  through  the  source  area  being  rated.   These  factors 
are  taken  into  account  later  when  making  estimates  of  sediment  discharge 
from  drainage  basins. 

Interpretations  of  aerial  photographs  (1:24,000)  were  used  to  extend  the 
source-area  sediment-yield  estimates  to  those  areas  that  were  not  rated 
during  field  investigations.   This  was  accomplished  with  a  stereo  plotter 
and  resulted  in  the  source-area  sediment-yield  map  which  is  Plate  35, 
Appendix  H.   The  slope  data  shown  in  Plate  35,  Appendix  H,  were  obtained 
from  the  1:24,000  USGS  topographic  quadrangles. 

The  complete  main  channel  system  was  classified  and  mapped  according  to 
channel  type  and  condition  (Plate  36,  Appendix  H)  to  aid  in  assessing 
channel  erosion  and  sediment  transport.   The  channel  classification  was 
done  by  interpretation  of  the  aerial  photography,  and  only  those  channels 
that  were  larger  than  third  or  fourth  order  according  to  Strahler's  (1952) 
classification  were  delineated. 

Estimates  of  average  annual  sediment  discharge  for  basins  A  through  E 
(Plate  36,  Appendix  H)  were  made  by  applying  sediment-conveyance  factors 
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to  the  area-weighted  average  source-area  sediment  yields.   The  sediment- 
conveyance  factor  represents  that  proportion  of  sediment  that  is  yielded 
from  one  source  area  and  not  left  stranded  on  another  source  area,  plus 
sediment  that  is  conveyed  through  main  channels  and  principal  tributaries 
and  not  deposited  in  the  channels  or  on  bottomlands  or  alluvial  fans. 
The  method  reported  by  Frickel  and  others  (1975)  was  used  to  estimate  the 
sediment-conveyance  factors.   The  channel  information  shown  on  Plate  36, 
Appendix  H,  was  used  in  making  the  estimates. 

Where  a  basin  was  downstream  from  another,  the  sediment  discharged  from 
the  upper  basin  was  routed  through  the  main  channel  of  the  lower  basin. 
Adjustments  were  made  in  some  cases  where  deposition  along  the  channel  in 
the  lower  basin  was  apparent  from  aerial  photographs.   The  sediment  discharge 
at  the  mouth  of  the  lower  basin,  therefore,  includes  contributions  from 
that  basin  and  all  of  the  basins  upstream. 

Source-Area  Sediment  Yields 

Source-area  sediment  yields  (Plate  35,  Appendix  H)  for  most  of  the  study  area 
are  low,  although  variable,  owing  to  the  relatively  high  organic  matter 
contents  of  the  surface  soils  and  the  excellent  vegetation  cover  of  the 
rangelands.   Sediment  yields  from  the  croplands  are  higher  than  from  the 
rangelands  and  are  highest  from  hummocky,  cultivated  fields.   The  lack  of 
protective  cover  while  the  fields  are  in  fallow,  the  destruction  of 
aggregates  by  tillage  operations,  and  compaction  by  many  farming  operations 
causes  reduced  infiltration  and  greater  runoff  and  erosion  from  the  croplands, 
The  sediment-yield  estimates  do  not  include  fine-grained  particles  of  soil 
that  are  suspended  and  transported  from  the  area  by  wind.   Other  than  some 
rilling  at  times  in  some  of  the  cultivated  fields,  there  is  very  little 
channel  erosion  in  the  area  because  the  channels  are  stabilized  with 
vegetation;  also,  the  excellent  cover  of  the  rangelands,  conservation  prac- 
tices on  the  croplands,  and  various  impoundments  of  water  prevent  the 
regular  occurrence  of  floods  large  enough  to  erode  the  channels.   Headcuts 
exist  in  some  channels  as  indicated  on  Plate  36,  Appendix  H;  however,  their 
headward  migration  appears  to  be  very  slow. 

Sediment  Discharge  from  Drainage  Basins 

Estimated  annual  sediment  discharges  from  drainage  basins  are,  in  general, 
extremely  low  (Table  78) ,  owing  to  several  other  causes  in  addition  to  the 
low  rates  of  erosion  on  and  sediment  yield  from  source  areas.   First,  all 
of  the  basins,  with  the  exception  of  basin  C,  have  some  closed  drainage 
areas  which  support  potholes.   This  reduces  the  contributing  areas  of  the 
basins,  particularly  of  basins  A  and  B  where  it  is  estimated  that  60  percent 
of  their  areas  do  not  contribute  to  flow  at  their  mouths.   Second,  all  of 
the  basins  contain  stock  ponds  or  natural  sumps  which  trap  considerable  sedi- 
ment.  Thirdly,  from  interpretation  of  aerial  photographs  and  observation 
of  channels  in  the  area,  it  is  apparent  that  there  is  significant  infil- 
tration of  water  from  flows  occurring  in  the  main  channels  of  the  alluvial- 
filled  valleys  (trenches) .   This  reduces  the  capability  of  the  flow  to 
transport  sediment;  therefore,  particularly  the  coarser  fraction  of  the 
sediment  is  deposited  on  lowland  fields  and  channel  beds. 

Another  factor  causing  low  sediment  discharges  from  basins  is  that  most 
channels,  whether  trenched  or  untrenched,  have  vegetated  beds  (Plate  36). 
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Figure   20 
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Figure  20 — Infiltration  curves  for  site  1. 
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Figure   21 
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Figure  21  — Runoff  and  sediment-concentraction  curves 
for  site  1. 
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Figure  22 
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Figure  22  — Infiltration  curves  for  site  2 
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Figure  23 
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Figure  23 — Runoff  and  sediment  concentration  curves 
for  site  2. 
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Figure   24 
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Figure  24 — Infiltration  curves  for  site  3 
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Figure  25 
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Figure  25  — Runoff  and  sediment-concentration  curves  for 

site  3. 
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Figure   26 
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Figure  26  — Infiltration  curves  for  site  4. 


p 
p 
p 

PI 

PI 
PI 


Figure   27 
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Figure  27  — Runoff  and  sediment-concentration  curves  for 


site  4. 
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Table  78 


Table  78  -Estimates  of  sediment  discharge  from  drainage  basins 


_   .  Weighted  mean   _    .,  ,  .  Estimated     _  ,. 

Drainage  Contributing  , .         Sediment 

.  i  source  area  sediment 

Basin1     area  ,.      .  ,  ,      area  discharge 

,  .2x  sediment  yield     c  conveyance  ,     „     Csm,  fit     \ 

(m±2)  (acre-ft/mi2/yr)    factor  factor   (a"«"f  t/mi2/yr) 


A  5.05  .12-. 23  .4  .75  .04-. 07 

B  9.42       .1-.2  .4  .75  .03-. 06 

C         .87  .15-. 26  1.0  .85  .1-.2 

D  23.74  .13-. 26  .7  .55  .05-. 1 

E  2.39  .11-. 24  .7  .6  .05-. 1 

F  9.12  .12-. 25  .9  .45  .05-. 1 

locations  of  the  basins  are  shown  on  Plate  36 
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The  vegetation  causes  flow  velocities  to  be  slow  enough  that  more  sediment 
is  deposited  in  addition  to  that  deposited  because  of  infiltration  of 
flows  into  the  alluvial  bottomlands.   Another  readily  apparent  factor 
that  reduces  sediment  discharge  is  that  some  sediment  is  deposited  on  the 
alluvial  fans  that  occur  in  numerous  tributary  channels  where  their  gradients 
decrease  at  the  contacts  between  the  valley  side  slopes  and  the  alluvial 
fills  in  the  valley  bottoms  (Plate  36) . 

The  above  mentioned  sediment- transport  and  deposition  processes  were  all 
considered  in  assigning  the  sediment-conveyance  factors  shown  on  Table  78, 
and  these  processes  result  in  the  extremely  low  sediment  discharges  from 
the  study  basins  at  points  D  and  F,  shown  on  Plate  36.   The  sediment  that 
is  discharged  at  those  points  apparently  is  silt  and  clay-sized  particles 
which  do  not  require  large  flows  for  transport. 
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CONCLUSIONS 


CLIMATE 


Most  climatic  factors  in  the  Beulah  Trench  Study  Area  appear  favorable 
for  revegetation  of  surface-mined  land.   The  spring  rains  usually  provide 
moisture  to  the  soil  in  excess  of  the  plant  moisture  requirement.   With 
favorable  soil  moisture  conditions,  seedlings  will  grow  rapidly  and  become 
established  before  the  available  soil  moisture  is  depleted  by  about  mid- 
July.   The  length  of  the  growing  season  (estimated  at  134  days  between 
mid-May  and  mid-  to  late-  September)  also  appears  conducive  to  revegetation 
efforts  using  native  range  plants  or  small  grains. 

Climatic  factors  that  may  adversely  affect  revegetation  efforts  in  this 
study  area  include:   1)  below  normal  or  uneven  distribution  of  precipitation, 
especially  during  the  growing  season;  2)  severe  thunderstorms  and/or  strong 
winds  that  cause  erosion;  3)  late  spring  freezes;  and  4)  depletion  of 
soil  moisture  by  wind. 

PHYSIOGRAPHY  AND  DRAINAGE 

The  Beulah  Trench  Study  Area  lies  in  the  glaciated  portion  of  the  Great  Plains 
Physiographic  Province.   The  topography  of  the  area  is  characterized  by 
rolling  hills  bordered  on  the  east  and  south  by  wide,  flat  Pleistocene 
meltwater  channels.   Maximum  relief  in  the  study  area  is  about  340  feet. 

Drainage  in  the  study  area  is  accomplished  through  a  well  developed  dendritic 
system.   The  extreme  northern  end  of  the  study  area  drains  northward  through 
the  buried  channel  into  Lake  Sakakawea.   The  remainder  of  the  study  area 
drains  southward  into  Spring  Creek,  a  tributary  of  the  Knife  River. 

GEOLOGY 

The  Beulah  Trench  Study  Area  lies  in  a  part  of  the  Williston  Basin  known 
as  the  West  Renners  Cove  Lignite  Field. 

Bedrock  is  of  Paleocene  Age  and  belongs  to  the  Sentinel  Butte  Member  of  the 
Fort  Union  Formation.   It  mostly  consists  of  soft  shale  and  sandstone  with 
lesser  amounts  of  siltstone  and  lignite. 

Six  persistent  lignite  and/or  lignitic  shale  beds  were  penetrated  by 

drilling  in  the  area.   Probably  only  one,  the  Beulah-Zap  Coalbed4  is  of  ;|  i 

economic  significance.   It  averages  about  20.4  feet  thick  and  is  usually 

covered  by  less  than  200  feet  of  overburden. 
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Engineering  property  tests  were  not  conducted  on  bedrock  samples  from  the 
Beulah  Trench  Study  Area,  but  results  should  be  similar  to  those  for 
comparable  material  at  the  Otter  Creek  Study  Site,  Montana.   Those  tests 
revealed  that  shear  strengths  of  the  material  are  low,  especially  in  a 
saturated  condition.   Slides  can  easily  develop  adjacent  to  high  walls  in 
surface  mines,  primarily  along  beds  of  weak,  plastic,  carbonaceous  shales. 
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Saturated  alluvial  deposits  and  uncemented  siltstones  and  fine  grained 
sandstones  will  readily  erode  and  flow  into  excavations. 

Excavation  slopes  will  vary  between  minesites  and  will  be  dependent  on 
exposure  time,  moisture  conditions,  material  types,  and  depth  of  cut. 
Adequate  drainage  will  have  to  be  maintained  to  relieve  pore  water  pressure 
in  the  overburden,  and  excavation  below  the  water  table  will  be  limited 
until  the  material  is  drained. 

Studies  at  the  Otter  Creek  Site  indicate  that  disturbed  overburden  should 
have  slopes  not  greater  than  4  to  1  and  berms  of  50  to  100  feet  in  width 
designed  on  the  slope  surface. 

Volume  changes  in  the  overburden  will  occur  with  disturbance.   An  increase 
in  volume  of  about  25  percent  should  be  expected.   In  some  cases  the  surface 
of  the  replaced  overburden  will  be  higher  after  mining. 

Three  types  of  instability  are  common  on  reclaimed  coal-mined  areas  of  the 
Northern  Great  Plains.   They  are:   1)  areawide  settling,  2)  localized 
collapse,  and  3)  piping.   Each  form  of  instability  is  affected  by  certain 
variables  in  the  postmining  landscape.   These  variables  include  the  physical 
and  chemical  characteristics  of  the  overburden,  the  methods  and  equipment 
used  in  stripping  and  contouring  operations,  and  the  season  when  these 
activities  occur.   One  or  more  of  these  types  of  landscape  instability  may 
occur  on  reclaimed  land  in  the  Beulah  Trench  Study  Area. 

Weathering  tests  performed  on  bedrock  samples  from  the  study  area  revealed 
that  shales  break  down  more  rapidly  than  either  sandstones  or  siltstones, 
but  the  material  produced  may  be  difficult  to  place  and  handle  due  to  its 
plasticity. 

Most  types  of  earth  materials  suitable  for  construction  are  available  in 
the  study  area.   Only  concrete  aggregate  and  high  quality  riprap  material 
will  probably  have  to  be  obtained  from  outside  the  study  area. 

The  area  lies  in  a  stable  seismic  region  and  no  significant  earthquake 
damage  has  been  experienced  in  the  past. 

COAL  RESOURCES 

The  Beulah-Zap  Coalbed  is  probably  the  only  bed  that  can  be  profitably 
mined  in  the  study  area.   The  thicker  zones  of  the  Schoolhouse  Coalbed 
will  probably  be  recovered  during  stripping  operations,  but  it  is  generally 
too  thin  to  be  an  economic  consideration. 

Coal  of  the  Beulah-Zap  Coalbed  ranks  as  lignite  A  and  has  heat  values 
ranging  from  6,990  to  7,840  Btu/lb.   It  is  classified  as  a  humic  coal. 
The  average  ash  content  of  the  24  samples  tested  was  8.5  percent  and  the 
average  sulfur  content  was  0.93  percent. 

Total  estimated  identified  original  coal  resources  in  the  Beulah  Trench  Study 
Area  are  109,917,000  tons.   The  coalbed  thickness  class  of  2.5-5  feet 
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contains  8,838,000  tons.   The  coalbed  thickness  class  of  5-10  feet  contains 
24,568,000  tons  and  the  coalbed  thickness  class  of  greater  than  10  feet 
contains  76,511,000  tons  of  the  estimated  resources. 

All  of  the  estimated  resources  in  the  study  area  are  overlain  by  less  than 
300  feet  of  overburden. 

OVERBURDEN  -  SOIL  AND  BEDROCK 

Data  considered  in  determining  the  usable  overburden  material  (soil  and 
bedrock)  for  use  in  revegetation  included:   quality,  quantity,  ease  of 
stripping  and  stockpiling,  and  other  factors  directly  affecting  their  use 
for  revegetation. 

Based  on  the  results  of  the  land  suitability  survey,  the  deep  residual, 
glacial,  and  alluvial/colluvial  soils  in  the  study  area  should  provide  an 
adequate  supply  of  good  quality  topsoiling  material  for  revegetation  if 
surface  mining  occurs. 

The  A  and  B  horizons  of  most  soils  in  this  study  area  are  nonsaline,  nonsodic, 
and  well  suited  for  topdressing  shaped  mine  spoils.   In  most  cases,  these 
horizons  may  be  mixed  without  an  appreciable  change  in  the  quality  of  the 
material 

Soluble  salts  have  been  leached  to  a  depth  of  about  30  inches  in  deep, 
loamy  profiles  with  good  permeability.   The  leached  zone  usually  includes 
the  A,  B,  and  part  of  the  C  horizons.   Saline  material,  if  utilized  as 
subsoil,  should  leach  and  reclaim  readily  if  placed  over  spoils  with  good 
internal  drainage.   Sodic  material  should  be  selectively  placed  well  below 
the  plant  rooting  zone  in  reconstructed  profiles. 

Local  tracts  of  clay-rich,  saline,  or  saline-sodic  soil  will  require  borrow 
material  from  nearby  lands  with  abundant  good  quality  material  or  from 
suitable  bedrock,  if  readily  available  in  the  area. 

Based  on  the  results  of  laboratory  analyses,  24  percent  of  the  bedrock 
materials  overlying  the  Beulah-Zap  Coalbed  in  this  study  area  were  determined 
to  be  suitable  for  use  as  plant  media;  29  percent  were  of  limited  suita- 
bility; and  47  percent  were  unsuitable. 

Notable  deficiencies  of  the  bedrock  materials  classified  as  unsuitable  often 
included  one  or  more  of  the  following:   salinity,  sodicity,  fine  texture 
(clay-rich),  slow  permeability,  and  instability. 

Moisture  Relations  in  Soils 

The  humic  surface  soils  at  all  of  the  sites  sampled  had  sufficient  void 
space  to  promote  moderate  to  high  infiltration  and  permeability  rates. 
These  humic  soils  would  be  more  resistant  to  compaction  and  loss  of 
porosity  when  disturbed  than  deeper  materials  in  the  overburden.   It  would 
be  advantageous,  therefore-,  to  place  these  soils  back  on  the  land  surface 
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following  mining.   Volume -weight  (bulk  density)  measurements  would  show 
whether  or  not  adequate  porosity  existed  after  the  soils  were  repositioned. 

Soil  moisture  can  be  "perched"  as  several  additional  molecular  layers 
beyond  the  10  layers  that  normally  exist  when  drainage  stops.   A  subsoil 
layer  that  impedes  drainage  causes  the  "perching."  When  the  moisture  is 
"perched,"  it  is  held  at  low  retention  forces  making  it  readily  available 
to  vegetation.   Productive  midgrasses  and  tall  grasses  dominate  the  sites 
where  moisture  "perching"  occurs  naturally  in  the  study  area. 

Drainage  constrictions  could  be  created  during  the  repositioning  of  the 
materials  following  mining  by  compacting  a  layer  of  nonhumic  subsoil 
material  before  placing  the  humic  soil  on  the  surface.   Sufficient  depths 
of  the  humic  soil  should  be  used  so  that  a  water  table  would  not  form  above 
the  constricting  layer.   If  a  water  table  developed,  salts  could  migrate  by 
capillarity  toward  the  soil  surface  and  be  detrimental  to  the  vegetation. 

Many  of  the  soils  studied  had  reserves  of  moisture  stored  near  the  bases  of 
the  profiles.   These  reserves  are  probably  utilized  by  the  vegetation  during 
droughts.   Some  of  those  reserves  may  be  lost  during  the  handling  and 
storage  period  accompanying  mining.   If  so,  the  moisture  reserves  might  not 
be  restored  until  the  occurrence  of  a  series  of  "wet"  years,  particularly  in 
the  absence  of  constricting  layers  in  the  subsoils. 

GREENHOUSE 

Western  wheatgrass  was  chosen  as  the  primary  test  species  because  it  is  one 
of  the  most  abundant  native  species  in  the  Western  United  States  and  will 
probably  be  used  in  many  revegetation  programs. 

Based  on  the  results  of  soil  and  plant  analyses  and  calculation  of  relative 
yields,  the  soil  and  bedrock  samples  were  assigned  ratings  of  suitable, 
questionable,  or  unsuitable  for  use  as  revegetative  media. 

The  soil  samples  were  rated  38  percent  suitable,  33  percent  questionable,  and 
29  percent  unsuitable.   Twelve  percent  of  the  bedrock  samples  were  rated 
suitable:  21  percent  were  questionable;  and  67  percent  were  unsuitable. 

Salinity  and/or  sodicity  problems  appeared  to  be  the  major  limiting  factors 
for  most  of  the  materials  classed  as  unsuitable. 

VEGETATION 

The  richness  of  the  flora  of  the  Beulah  Trench  Study  Area  is  indicated  by  the 
fact  that  some  62  species  were  sampled,  including  5  shrubs,  22  grasses,  and 
35  forbs.   A  complete  species  list  would  have  shown  many  more  species  to 
be  present. 

In  general,  the  pastures  have  been  heavily  grazed  for  many  years  and  this 
has  caused  range  conditions  to  decline.   Estimates  of  range  condition  varied 
from  a  low  of  33  percent  of  climax  (fair)  to  59  percent  (good)  with  an 
average  of  48  percent  or  high  fair  condition.   All  of  the  sampled  ungrazed 
areas  adjacent  to  pastures  were  in  excellent  condition. 


59 


For  mapping  purposes,  the  vegetation  was  arranged  into  three  general 
categories  as  related  to  topography:   1)  relatively  flat  areas  (Needleand- 
thread-Blue  grama) ,  2)  sloping  areas  (Prairie  sandreed-Little  bluestem) , 
and  3)  relatively  flat  alluvium  or  flood  plains  (Western  snowberry-Prairie 
sandreed) .   The  names  of  these  groups  were  derived  from  the  vegetation  on 
ungrazed  areas  which  represents  potential  vegetation  for  the  study  area. 

Productivity  similar  to  or  greater  than  that  of  the  present  potential 
vegetation  is  a  feasible  objective  for  reclamation  following  mining. 

HYDROLOGY 

Ground  Water 

Stripping  of  overburden  and  removal  of  coal  would  result  in  temporarily 
increased  discharge  from  the  lignite  and  other  shallow  aquifers.   Recharge 
to  the  shallow  water-table  aquifers  in  overburden  is  from  direct  infil- 
tration of  precipitation.   Recharge  to  the  lignite  aquifers  is  from 
downward  leakage  from  shallower  aquifers.   In  areas  of  thick  bedrock  and 
glacial  till  cover,  recharge  and  vertical  movement  of  precipitation  to 
the  lignite  aquifer  is  very  slow.   This  fact  coupled  with  the  increased 
water  withdrawals  at  a  mine  site  could  temporarily  lower  water  levels 
drastically  in  areas  upgradient  from  a  new  mine  site.   However,  the  apparent 
low  permeability  of  the  lignite  and  clay-silt  bedrock  of  the  Sentinel  Butte 
may  reduce  or  at  least  delay  the  decline  in  water  levels  at  large  distances 
away  from  a  proposed  mine  site.   It  is  reasonable  to  assume  that  large 
declines  in  water  levels  in  wells  in  lignite  and  shallower  aquifers  would 
not  extend  more  than  1  to  2  miles  from  an  active  mine  site. 

Water  levels  in  deeper  aquifers  would  not  be  adversely  affected,  as  the 
heads  are  lower  in  progressively  deeper  aquifers.   However,  mining  and 
dewatering  of  shallow  aquifers  should  result  in  changes  in  hydraulic 
gradients  and  a  reduction  in  local  recharge  to  aquifers  beneath  the 
Beulah-Zap  lignite. 

If  a  normal  dragline  procedure  is  used  to  remove  overburden,  replacement  of 
material  is  in  reverse  order  of  the  original  state.   Thus,  sediments  that 
are  high  in  soluble  and  exchangeable  sodium  would  be  deposited  near  the 
surface  in  an  environment  of  rapid  oxidation  and  alteration.   Available 
pyrite  would  be  quickly  oxidized;  however,  the  resulting  acidity  would 
probably  be  buffered  by  solution  of  carbonate  minerals  and  subsequent  cation 
exchange  of  divalent  cations  for  sodium.   Resultant  leachate  from  spoil 
piles  should  then  have  high  concentrations  of  sodium,  bicarbonate,  and 
sulfate,  and  lower  concentrations  of  calcium  and  magnesium. 

Leachate  and  ground  water  flowing  into  mine  pits  from  exposed  aquifers  may 
be  expected  to  contain  more  dissolved  material  than  normal  ground  or  surface 
waters.   Therefore,  shallow  ground  water  beneath  mine  sites  may  increase 
in  dissolved  solids  concentration.   If  mine  sites  are  located  at  or  near 
the  edge  of  the  Antelope  Creek  aquifer,  it  seems  probable  that  shallow  ground 
water  in  areas  of  the  aquifer  that  are  below  the  mine  sites  will  deteriorate 
with  time. 
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The  available  geochemical  and  hydrologic  data  of  the  Sentinel  Butte  and 
Antelope  Creek  aquifers  would  indicate  that  small  local  plumes  of  water 
rich  in  sodium  and  sulfate  could  result  from  mining  along  the  edge  of  the 
valley.   Water  samples  from  shallow  areas  in  reclaimed  spoils  at  Gascoyne, 
North  Dakota  (Croft,  orral  commun.,  1978),  were  strong  sodium  sulfate 
waters  with  total  dissolved  solids  as  high  as  24,000  mg/L. 

Present  hydrologic  data  indicate  that  parts  of  the  Antelope  Creek  aquifer 
which  lie  in  T.  145  N. ,  R.  88  W. ,  sections  13  and  24,  are  major  recharge 
areas  for  the  upper  Antelope  Creek  unit.  Effluent  from  strip  pits  or 
runoff  from  rain  and  snow  which  infiltrates  through  spoils  could  easily 
move  into  the  shallow  ground  water  system  in  these  areas.   An  extensive 
unit  of  fine-grained  sediment  that  divides  the  aquifers  into  upper  and  lower 
units  may  prevent  the  transport  of  solute  to  the  lower  aquifer  unit. 

The  potential  for  contamination  of  ground  water  with  toxic  levels  of  trace 
metals  would  be  very  small.   Solution  and  transport  of  toxic  organics 
derived  from  coal,  however,  could  present  a  serious  problem;  but  few  studies 
on  this  topic  have  been  made. 

Further  geochemical  studies  are  necessary  to  make  accurate  predictions  of 
the  potential  for  an  increase  in  concentration  and  transport  of  any  given 
chemical  species  from  a  mine  site  to  potable  ground  water  supplies. 

Surface  Water 


The  impacts  of  mining  on  the  quantity  and  timing  of  runoff  will  be  dependent 
on  mining  practices  but  will  probably  be  very  minor.   There  could  be  some 
realignment  of  small  tributaries  of  the  main  streams,  but  the  overall 
drainage  area  should  remain  essentially  unchanged.   Alteration  of  existing 
stream  channels  within  the  mining  area  to  intercept  and  divert  surface 
runoff  could  cause  alterations  in  the  existing  flow  regimen  downstream. 
As  spoils  or  reclaimed  areas  probably  will,  at  least  initially,  have 
greater  infiltration  capacity  than  undisturbed  material,  there  would  be  a 
decrease  in  runoff  from  snowmelt  or  rainfall  events.   There  is  the  possi- 
bility, with  the  increased  infiltration,  of  the  development  of  springs  and 
consequent  temporal  extension  of  base  flow  in  the  streams.   The  overall 
flow  regimen  of  Antelope  Creek  tributary  will  probably  be  altered  only 
slightly  unless  there  are  deliberate  impoundments  or  other  alterations 
on  the  same  mainstream. 

There  should  be  little  change  in  the  chemical  quality  of  water  diverted 
around  the  active  mining  areas.   However,  runoff  from  the  spoils  and  (or) 
reclaimed  areas  will  probably  show  increased  salinity.   Recharge  to  the 
streams  will  be  affected  by  increased  infiltration  in  spoils,  and  reclaimed 
land  could  be  expected  to  have  a  high  salinity. 

Hydrologic  Classification  of  Land  Types  Using 
Rainfall  Simulation 

Simulated  rainfall  at  an  intensity  of  about  2  inches  per  hour  was  applied 
to  four  very  small  watersheds,  about  2300  to  2700  square  feet  in  area. 
Runoff  volumes  varied  from  very  low  to  moderate.   Sediment  yields  were 
all  low,  but  they  varied  somewhat. 
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Both  runoff  and  sediment  yield  were  inversely  related  to  the  root  contents 
and  bulk  densities  of  the  surface  soils.  Lowest  runoff  and  sediment  yield 
were  from  the  only  site  underlain  by  clinker  (baked  rock) ,  even  though 
the  site  was  on  the  steepest  slope.  A  site  with  nearly  the  highest  runoff 
and  sediment  yield  had  the  greatest  clay  amount,  and  the  vegetation  showed 
effects  of  prolonged  overgrazing. 

Sediment  Yields 

Erosion  rates  and  source-area  sediment  yields  on  the  study  area  are  low 
because  of  the  relatively  high  organic  matter  content  of  the  soils  and  the 
excellent  cover  of  the  rangelands.   Sediment  yields  from  the  croplands  are 
higher  than  from  the  rangelands  owing  to  the  lack  of  cover  part  of  the 
time  and  to  disturbance  of  soil  structure.   Sediment  discharge  rates  from 
drainage  basins  in  the  area  are  also  very  low  because,  in  addition  to  low 
erosion  rates,  sediment  is  deposited  in  stock  ponds,  potholes,  sumps, 
drainageways,  and  on  alluvial  fans  between  source  areas  and  the  outlets 
of  basins. 

Source-area  sediment  yield  rates  will  be  increased  during  mining  and 
rehabilitation  periods.   Sediment-yield  rates  should  return  to  about  the 
same  as  present  after  perennial  vegetation  becomes  fully  established  on  the 
rangelands  and  after  the  structure  and  void  space  of  salvaged  topsoil  is 
reestablished  both  on  rangelands  and  croplands.   Sediment  discharge  to 
Spring  Creek  and  to  the  stream  in  the  Beulah  Trench  may  be  slightly  to 
moderately  increased  if  some  of  the  present  rangeland  is  converted  to 
cultivated  cropland  after  mining. 
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RECOMMENDATIONS  FOR  RECLAMATION 


INTRODUCTION 


Should  surface  mining  occur  in  the  Beulah  Trench  Study  Area,  the  coal  mine 
operator  will  be  required  to  restore  all  disturbed  areas  "in  a  timely 
manner  to  conditions  that  are  capable  of  supporting  the  uses  which  they 
are  capable  of  supporting  before  mining,  or  to  higher  or  better  uses  ..." 
(Chapter  38-14.1,  Section  69-05.2-23-01,  North  Dakota  Century  Code). 

Unless  an  alternative  postmining  land  use  is  desired  by  the  landowner (s) 
and  approved  by  the  North  Dakota  Public  Service  Commission,  the  main 
objective  of  reclamation  will  be  to  restore  the  mined  land  to  a  condition 
capable  of  supporting  the  uses  that  it  supports  today.   These  uses  are 
rangeland,  hay land ,  and  cropland  (small  grains). 

STABILITY  OF  THE  POSTMINING  LANDSCAPE  — ' 

The  design  of  a  stable  postmining  landscape  in  the  Beulah  Trench  Study  Area 
will  require  the  integration  of  several  critical  factors:   These  include: 
1)  a  detailed  knowledge  of  the  distribution  of  overburden  materials,  with 
emphasis  on  the  delineation  of  highly  sodic  spoils,  2)  proper  equipment 
selection,  and  3)  a  consideration  of  seasonal  factors.   For  reclamation  to 
be  successful,  consideration  must  be  given  to  the  entire  landscape,  not 
merely  the  soil  zone. 

Three  forms  of  landscape  instability  are  common  on  reclaimed  coal-mined  areas 
in  the  Northern  Great  Plains.   These  are  areawide  settling,  local  collapse, 
and  piping. 

Areawide  settling  is  common  in  most  postmining  landscapes,  but  appears  to 
cause  only  minimal  disruption.   This  form  of  subsidence  will  probably  be 
most  pronounced  during  the  first  year  following  reclamation  and  will  continue 
at  a  decreasing  rate  for  a  number  of  years.  The  two  major  factors  influencing 
areawide  settling  are:   1)  texture  of  the  overburden,  and  2)  equipment  used 
in  spoil  contouring  operations. 

A  significant  quantity  of  overburden  in  the  Beulah  Trench  Study  Area  consists 
of  fine  textured  material  (shale).   When  disturbed,  this  material  usually 
results  in  more  blocky  and,  initially,  more  porous  spoils  than  does  coarse 
textured  overburden  (sandstone).   Therefore,  a  greater  degree  of  areawide 
settling  may  be  expected  in  this  area  as  compared  to  an  area  where  coarse 
textured  materials  are  predominant . 

Equipment  used  in  contouring  operations  is  a  critical  factor  influencing 
areawide  settling.   Settlement  is  significantly  less  in  scraper-countoured 
areas  than  in  dozer-contoured  areas  due  to  the  fact  that  scrapers  more 


1/   Groenwold/  G.H.  and  Rehm,  B.W.,  1980  (modified) 
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effectively  break  down  large  overburden  blocks  and  compact  the  spoil  mass.  '*£i 

Therefore,  the  degree  of  areawide  settlement  may  be  reduced  by  employing 
scrapers  rather  than  dozers  in  spoil  contouring  operations. 

Local  large-scale  collapse  often  develops  soon  after  contouring  is  completed. 
Development  typically  ends  within  1  year.   This  form  of  instability  is 
predominant  in  precontouring  valleys  where  large,  frozen  spoil  blocks  are 
concentrated  by  mid-winter  dozer  contouring.   Thawing  of  these  blocks  results 
in  local  surface  subsidence.   To  restrict  the  development  of  local  collapse 
features,  the  use  of  scrapers  rather  than  dozers  should  be  considered  for 
contouring  operations  during  the  winter  months. 

Piping  appears  to  be  a  severe  and  long-term  problem  in  some  postmining 
landscapes.   This  form  of  instability  usually  begins  soon  after  contouring 
ceases  and  may  continue  for  several  years.   In  some  postmining  landscapes, 
piping  has  only  started  to  develop  after  as  much  as  5  years. 

Piping  is  apparently  controlled  by  a  combination  of  physical  and  chemical 
conditions  in  the  spoils.   All  piping  begins  as  a  crack,  either  on  the 
surface  of  exposed  spoils  or  at  the  topsoil-spoil  interface.   In  the  latter 
case,  the  overlying  topsoil  collapses  into  the  pipe  and  is  carried  away. 
Repeated  topsoil  application  is  usually  unsuccessful  in  stopping  the  growth 
and  development  of  piping.   Cracking  of  spoils  is  restricted  to  areas  of 
highly  dispersive  sodic  materials.   The  cracks  allow  access  for  large 
volumes  of  surface  runoff  to  flow  into  the  subsurface  of  the  spoils.  However, 
surface  cracking  alone  will  not  necessarily  result  in  the  development  of 
piping.   Piping  will  develop  only  if  an  avenue  for  water  movement  can  result 
from  fracturing  within  the  mass  of  spoils  due  to  settling  between  differ- 
entially compacted  areas  (i.e.,  scraper-contoured  area  adjacent  to  dozer- 
contoured  area)  or  within  areas  of  poorly  compacted  spoils  (i.e.,  dozer 
contouring  only) . 

Piping  usually  develops  in  nearly  flat  areas,  where  runoff  is  minimal  and 
infiltration  is  maximized.   Thus,  the  final  surface  slopes  in  reclaimed 
areas  must  also  be  recognized  as  controlling  factors  in  the  development  of 
piping. 

Given  the  proper  conditions  of  slope,  near-surface  dispersive  materials,  and 
a  permeable  zone  in  the  base  of  the  spoils,  piping  may  continue  to  develop 
and  disrupt  the  restored  landscape  for  many  years.   Selective  placement  of 
excessively  sodic  overburden  encountered  in  this  study  area  may  prove  to 
be  the  only  effective  means  of  controlling  piping. 


Because  the  postmining  landscape  in  the  Beulah  Trench  Study  Area  will  be 
unstable,  structures  should  not  be  built  unless  they  are  specifically 
designed  to  absorb  differential  settlement.   Also,  reconstructed  drainage 
channels  will  require  periodic  maintenance  to  ensure  that  ponded  areas  do 
not  develop  in  areas  of  localized  settling. 

GRADING  AND  HANDLING  OF  SPOIL  MATERIALS 

Mine  operators  will  be  required  by  law  to  grade  all  disturbed  areas  "to 
the  gentlest  topography  consistent  with  adjacent  unmined  landscape 
elements.  .  .  ."  All  spoil  shall  be  transported,  backfilled,  compacted 
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(where  advisable  to  insure  stability  or  to  prevent  leaching),  and  graded 
to  eliminate  all  highwalls,  spoil  piles,  and  depressions  (Chapter  38-14.1, 
Section  69-05.2-21-01(2) (a) ,  North  Dakota  Century  Code). 

Where  possible,  all  final  grading  and  preparation  of  graded  land  prior  to 
the  redistribution  of  topsoil  should  be  conducted  along  the  contour  to 
minimize  erosion  and  maximize  landscape  stability. 

Present  North  Dakota  law  states:   "Spoil  materials  that  are  found  by  the 
(Public  Service)  Commission  to  be  excessively  saline,  sodic,  or  both,  are 
considered  to  be  toxic-forming  materials  and  shall  be  covered  with  a 
minimum  of  4  feet  of  nontoxic  material,  provided  such  material  is  available" 
(Chapter  38-14.1,  Section  69-05.2-21-03(1),  North  Dakota  Century  Code). 
Based  on  the  results  of  laboratory  tests  performed  on  samples  from  11  drill 
holes  in  the  Beulah  Trench  Study  Area  (see  Tables  30  through  45,  Appendix  E) , 
it  appears  as  though  a  significant  number  of  the  bedrock  strata  are 
excessively  sodic.   However,  these  materials  generally  underlie  at  least 
40  feet  of  nontoxic  overburden.   Therefore,  an  adequate  quantity  of  nontoxic 
soil  and  bedrock  should  be  available  to  sufficiently  bury  the  sodic  spoils. 
Highly  sodic  spoils  should  not  be  buried  in  proximity  to  a  drainage  course 
where  they  may  pose  a  threat  of  water  pollution. 

EROSION  CONTROL 

Reducing  runoff  and  erosion  and  increasing  the  on-site  conservation  of 
moisture  for  vegetative  establishment  are  feasible  objectives  for  reclaimed 
land  in  the  Beulah  Trench  Study  Area.   The  following  procedure  is  recommended 
as  a  means  toward  achieving  these  objectives:   1)  reduce  the  mean  surface 
slope  in  the  reclaimed  area,  2)  scarify  the  surface  of  the  regraded  spoils, 
3)  replace  the  subsoil/ topsoil  and  prepare  a  seedbed,  4)  conduct  seeding 
and  planting  operations  as  soon  as  possible  after  topsoil  redistribution, 
and  5)  apply  mulch  to  the  newly  seeded  areas. 

Reducing  the  mean  surface  slope  in  the  reclaimed  area  will  provide  a  more 
gently  sloping  landscape.   A  more  level  landscape  will  allow  for  an  increase 
in  infiltration  and  moisture  retention  and  a  decrease  in  runoff  and  sediment 
yield.   The  increase  in  moisture  retention  will  be  highly  desirable  for 
seedling  establishment  in  the  reclaimed  area. 

Prior  to  the  redistribution  of  suitable  plant  growth  material,  the  surface 
of  the  regraded  spoils  should  be  ripped  or  chiseled  in  order  to  1)  eliminate 
slippage  surfaces  at  the  spoil-topsoil  interface,  and  2)  provide  a  favorable 
subsurface  medium  for  air /water  infiltration  and  root  penetration.   Ripping 
or  chiseling  should  be  conducted  along  the  contour  wherever  possible  to 
prevent  runoff  and  ensure  maximum  stability. 

Subsoil  and  topsoil  are  often  compacted  by  heavy  machinery  during  the 
redistribution  process.   These  materials  should  be  loosened  by  chiseling 
or  other  means  prior  to  actual  seedbed  preparation  (disking/harrowing) .   The 
loosened  material  will  allow  roots  to  readily  penetrate  its  matrix  and  will 
also  facilitate  a  higher  rate  of  air /water  infiltration.  All  tillage  oper- 
ations should  be  conducted  along  the  contour  to  prevent  excess  runoff  and 
substantial  loss  of  the  plant  growth  material. 
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Seeding  and/or  planting  should  be  conducted  as  soon  as  possible  after  the 
topsoil  has  been  spread  and  a  seedbed  has  been  prepared.   The  establishment 
of  a  permanent  vegetative  cover  as  quickly  as  possible  will  be  the  most 
effective  method  of  controlling  erosion  in  the  reclaimed  area.   A  temporary 
cover  of  small  grains,  grasses,  or  legumes  may  be  required  to  protect  the 
topsoil  until  such  time  as  a  permanent  cover  can  be  established. 

Suitable  mulch  should  be  applied  on  all  newly  seeded  areas  to  control  erosion, 
conserve  soil  moisture,  and  enhance  seed  germination.   For  the  Beulah  Trench 
Study  Area,  consideration  should  be  given  to  the  use  of  1)  hay  or  straw 
mulch  applied  at  a  rate  of  about  2  tons/acre,  or  2)  an  "in  situ  mulch"  of 
standing  stubble  from  spring  planted  small  grains.   If  hay  or  straw  mulch 
is  applied,  it  should  be  anchored  (disked  or  "crimped")  to  the  soil  surface 
to  prevent  substantial  losses  of  the  material  due  to  blowing. 

REVEGETATION 

Revegetation  of  surface-mined  land  in  the  Beulah  Trench  Study  Area  will 
require:   1)  removal,  segregation,  and  redistribution  of  suitable  plant 
growth  material,  2)  selection  of  adapted  plant  species,  and  3)  use  of 
proper  planting  and  seedbed  preparation  procedures. 

Removal,  Segregation,  and  Redistribution 
of  Suitable  Plant  Growth  Material 

Prior  to  the  actual  mining  operation,  all  suitable  plant  growth  material 
should  be  removed  and  either  redistributed  immediately  on  regraded  areas  or 
segregated  in  separate  stockpiles. 

North  Dakota  regulations  require  that  both  topsoil  and  subsoil  be  salvaged 
for  replacement  as  plant  media  (Chapter  38-14.1,  Section  69-95.2-15-02(2), 
North  Dakota  Century  Code) .   This  is  accomplished  in  a  2-lif t  process  with 
the  most  desirable  plant  growth  material  ("topsoil")  being  removed  in  the 
first  lift  and  the  remaining  suitable  material  ("subsoil")  being  salvaged  in 
the  second  lift.   Based  on  the  results  of  the  Land  Suitability  Survey  included 
in  this  report,  it  appears  that  a  minimum  of  12  inches  of  good  quality 
topsoil  can  be  removed  in  the  first  lift  from  most  soils  in  the  study  area 
(see  Plate  30).   This  material  is  typically  nonsaline  and  nonsodic ,  permeable, 
and  contains  a  moderate  amount  of  organic  matter.   The  depth  and  quality  of 
subsoil  material  in  this  study  area  is  highly  variable  (see  Plate  31) . 

If  stockpiling  of  the  suitable  plant  growth  material  is  necessary,  the 
stockpiles  should  be  selectively  placed  on  a  stable  area  and  protected  from        _, 
erosion,  compaction  and  contaminants  (toxic  spoils).   Establishment  of  a  $j : 

quick  growing  vegetative  cover  on  the  stockpiles  is  probably  the  most  effec- 
tive method  of  protection;  however,  other  measures  such  as  snow  fences, 
mulches,  or  chemical  binders  may  also  be  considered. 
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Before  the  suitable  plant  growth  material  is  redistributed,  the  regraded  land 

should  be  scarified  (ripped)  to  eliminate  slippage  surfaces  and  enhance  root 

penetration.   The  redistribution  of  subsoil  and  topsoil,  respectively,  should 

then  proceed  in  a  manner  that  achieves  an  approximate  uniform  thickness 

consistent  with  the  postmining  land  use(s)  and  prevents  excess  compaction  of 

the  spoils  and  suitable  plant  growth  material.  M\ 
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Finally,  nutrients  (fertilizer)  and  soil  amendments  should  be  added  to  the 
surface  soil  layer  in  the  amounts  determined  by  soil  tests.   All  soil 
analyses  should  be  performed  by  a  qualified  laboratory  using  procedures 
approved  by  the  Public  Service  Commission  (North  Dakota) . 

Selection  of  Adapted  Plants 

To  comply  with  established  State  regulations,  the  mine  operator  will  be 
required  to  establish  on  all  disturbed  areas  a  "diverse,  effective,  and 
permanent  vegetative  cover  of  the  same  seasonal  variety  native  to  the 
area.  .  ."  (Chapter  38-14.1,  Section  69-05.2-22-01,  North  Dakota  Century 
Code) .   Introduced  species  may  be  substituted  for  native  species  only  if 
appropriate  field  trials  have  demonstrated  that  the  introduced  species  are 
of  equal  or  superior  utility  for  the  approved  postmining  land  use(s) ,  or 
are  necessary  to  achieve  a  quick,  temporary,  and  stabilizing  cover.   The 
Public  Service  Commission  must  approve  the  use  of  introduced  species. 

Some  important  considerations  in  selecting  revegetative  species  for  the 
Beulah  Trench  Study  Area  should  include:   drought  resistance,  salt  and 
sodium  tolerance,  resistance  to  winterkill,  palatability ,  and  resistance 
to  grazing  pressure.   Of  equal  importance  is  plant  compatibility  with  soil 
type,  slope,  aspect,  and  drainage  conditions. 

Table  79  lists  the  plants  and  seeding  rates  which  are  suggested  for  native 
grassland  plantings,  tame  grass  plantings  (areas  to  be  returned  to  cropland 
after  3-4  years),  and  salt  affected  soil  plantings.—' 

Seedbed  Preparation  and  Planting 

Suitable  plant  growth  material  is  often  compacted  by  heavy  machinery  during 
the  redistribution  process.   To  provide  a  plant  medium  favorable  for  air 
and  water  infiltration,  as  well  as  root  penetration,  the  topsoil/subsoil 
should  be  chiseled  to  a  depth  of  18  to  24  inches  prior  to  seedbed  prepa- 
ration. Disking/harrowing  should  then  be  conducted  until  a  suitable 
seedbed  is  achieved. 

Seeding  of  grasses  and  legumes  with  a  press  drill  is  usually  the  preferred 
technique,  but  good  stands  may  also  be  established  by  broadcasting  or 
hydroseeding.   In  order  to  provide  favorable  growing  conditions,  the  seeds 
should  be  covered  by  1/2  to  1  inch  of  soil  and  the  surface  lightly  compacted 
to  produce  a  good  seed-soil  contact. 

Natural  woodland  complexes  (woody  draws)  occur  to  a  minor  extent  in  this 
study  area.   These  complexes  should  be  avoided  during  the  mining  operation, 
if  at  all  possible,  as  they  are  irreplaceable  ecosystems  and  the  majority 
of  the  prairie  animal  community  is  dependent  on  them.   If  disturbance  of 
these  complexes  cannot  be  avoided,  the  trees  and  shrubs  should  be  salvaged 
for  transplanting  in  reconstructed  drainages. 


2/  From:   Guidelines  for  Reclaiming  Coal  Mine  Lands;  North  Dakota  Public 
Service  Commission,  1976. 
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Seeding  and  planting  operations  should  be  conducted  during  the  first  normal 
period  for  favorable  planting  conditions  following  the  redistribution  of 
suitable  plant  growth  material.   In  the  Beulah  Trench  Study  Area,  early 
spring  or  late  fall  planting  of  grasses  and  legumes  appear  most  desirable. 
If  spring  planting  is  selected,  the  plants  should  be  seeded  between  early 
March  and  late  April  in  order  that  seedlings  may  emerge  before  the  spring 
rains  begin.   Late  fall  planting  should  be  conducted  after  mid-October  to 
prevent  germination.   If  this  method  is  selected,  consideration  should  be 
given  to  a  light  seeding  of  oats  (10-15  lbs/acre)  in  August  to  provide 
stubble  for  erosion  control  and  snow  trapping. 

POST-RECLAMATION  MANAGEMENT 

Responsibility  of  the  Mine  Operator 

In  North  Dakota,  the  coal  mine  operator  will  be  responsible  for  management 
of  the  reclaimed  area  for  a  minimum  of  10  years.   The  success  of  revegetation 
will  then  be  determined  for  each  approved  postmining  land  use  according  to 
the  following:—' 

1.  For  rangeland  and  hay land,  the  following  requirement  must  be 
achieved  for  the  last  two  consecutive  years  of  the  responsibility 
period: 

(a)  "Ground  cover  and  productivity  .  .  .  shall  be  equal  to  or 
greater  than,  with  90  percent  statistical  confidence  for 
herbaceous  vegetation  and  80  percent  statistical  confidence 
for  woody  vegetation,  the  approved  standard^.',  and 

(b)  The  diversity,  seasonality,  and  permanence  of  the  vegeta- 
tion .  .  .  ,  determined  from  the  major  species  and  groups, 
shall  be  equivalent  to  that  of  the  approved  standard" 
(Chapter  38-14.1,  Section  69-05 .2-22-07(3) (a) ,  North  Dakota 
Century  Code) . 

2.  For  cropland,  "crop  production  .  .  .  shall  be  equal  to  or  greater 
than,  with  90  percent  statistical  confidence,  that  of  the  approved 
standard  for  the  last  two  consecutive  growing  seasons  of  the 
responsibility  period"   (Chapter  38-14.1,  Section  69-05 .2-22-07(3) (b) , 
North  Dakota  Century  Code) . 

On  lands  reclaimed  to  rangeland,  livestock  grazing  "shall  be  practiced  for 
at  least  the  last  4  years  of  the  responsibility  period  at  a  capacity 
approximately  equal  to  that  for  similar  well  managed  lands"  (Chapter  38-14.1, 
Section  69-05.2-22-06,  North  Dakota  Century  Code).   The  Public  Service 
Commission,  in  consultation  with  the  landowner ( s) ,  will  determine  when  the 
revegetated  area  is  ready  for  livestock  grazing. 


4/   The  postmining  land  uses  in  the  Beulah  Trench  Study  Area  are  assumed  to 
be  rangeland,  hayland,  and  cropland  (small  grains). 

5/  Approved  standard  refers  to  an  undisturbed  "reference"  area  chosen  for 
comparative  purposes  to  determine  success  of  revegetation  on  the 
reclaimed  site. 
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Table  79 


3/ 


Species 


NATIVE  GRASSLAND  PLANTINGS  - 


Seeding  Rate  (lbs/acre) 


Western  wheatgrass 
Pubescent  wheatgrass* 
Little  bluestem** 

6 
2 

Sideouts  grama 
Green  needlegrass 
Alfalfa  or 

3             *; 

4 
1 

Sweet clover 
Total 

h 
17-17*5 

If  seed  not  available, 
substitute  slender  wheatgrass, 
If  seed  not  available, 
substitute  prairie  sandreed 
or  switchgrass. 


IMPROVED  VARIETIES  OF  GRASS/LEGUME  PLANTING  FOR  CROPLAND* 


Wildlife  Planting 


Species                 Pasture 

or  Hayland 

Dry  Site 

Moist  Site 

Crested  wheatgrass        7 

2 

Smooth  bromegrass 

5 

Pubescent  wheatgrass**    3 

3 

Intermediate  wheatgrass 

Tall  wheatgrass 

Alfalfa                  lh 

ih 

Sweetclover              h 

h 

Total              12 

12 

4 

3 

3 

__1 

11 


*  In  pounds  of  seed  per  acre. 

**  If  seed  not  available,  substitute  slender  or  intermediate  wheatgrass, 


Species 

Tall  wheatgrass 
Slender  wheatgrass 
Western  wheatgrass 
Sweetclover 
Total 


SALT  AFFECTED  SOIL  PLANTINGS 

Seeding  Rate  (lbs/acre) 


4 

3 

7 

_2 

16 


3/  Origin  of  native  seed  produced  should  be  limited  to  North  Dakota, 

South  Dakota,  eastern  Montana,  eastern  Wyoming,  and  northern  Nebraska. 
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Responsibility  of  the  Landowner 

The  landowners  in  the  Beulah  Trench  Study  Area  will  resume  responsibility  for 
management  of  the  reclaimed  lands  following  termination  of  the  mine  operator's 
responsibility  period.   To  ensure  that  the  reclaimed  land  remains  stable  and 
productive,  the  landowners  should  implement  proper  range  and  soil/ crop 
management  practices. 

On  areas  returned  to  rangeland,  grazing  should  be  limited  to  a  capacity  that 
the  reclaimed  land  is  capable  of  supporting.   Overgrazing  reclaimed  lands 
will  result  in  a  reduced  vegetative  cover,  accelerated  erosion,  and  an  overall 
decrease  in  productivity. 

On  lands  returned  to  cropland,  the  main  objective  of  the  landowner  in 
cultivating  the  land  should  be  sustained  profitable  production.   To  aid  in 
achieving  this  objective,  soil/crop  management  practices  including  contour 
tillage,  fertilization,  crop  rotation,  weed  and  insect  control,  mulching, 
etc.,  should  be  utilized  whenever  possible. 

RESTORATION  OF  WATER  RESOURCES 

The  proposed  surface  mining  activities  in  the  Beulah  Trench  Study  Area  will 
result  in  some  restorable  changes  and  some  nonrestorable  changes  in  the 
ground  water,  surface  water,  and  geochemical  regimes. 

Ground  Water 

The  bedrock  aquifers  in  the  sandstones  above  the  lignite  and  the  lignite 
aquifers  in  the  mined  area  will  be  destroyed.   Since  it  is  impractical  to 
restore  these  aquifers,  alternative  sources  must  be  used.   This  would  usually 
mean  developing  wells  in  the  underlying  aquifers,  notably  the  basal  sandstone 
unit  of  the  Sentinel  Butte  Member.   Some  of  the  springs  and  seeps  along  the 
valley  walls  will  be  destroyed  as  the  relatively  impermeable  beds  causing 
lateral  flow  will  be  removed  during  mining.   These  cannot  be  restored,  but 
their  loss  is  not  especially  critical  since  they  generally  have  very  low 
yields  and  do  not  contribute  much  to  usable  water  supplies. 

The  aquifers  that  lie  outside  the  mined  area  in  the  same  plane  should  not  be 
disturbed  except  for  a  temporary  lowering  of  water  levels  for  a  short  distance 
from  the  mined  area.   In  local  areas  it  may  be  necessary  to  seek  a  supply 
from  deeper  aquifers.   The  Antelope  Creek  aquifer  could  receive  increased 
recharge  during  the  dewatering  of  the  area  being  mined.   However,  some  of  the 
water  would  eventually  have  reached  the  aquifer  by  a  more  circuitous  route. 

Ground  water  recharge  in  the  reclaimed  area  will  depend  on  placement  factors 
such  as:   postmining  topography,  layering  and  compaction  of  the  overburden 
materials,  postmining  land  use,  and  moisture  conservation  practices  and (or) 
irrigation.   The  fractured  state  of  the  spoils  initially  could  result  in 
increased  recharge  to  the  deeper  bedrock  aquifers  and  to  the  Antelope  Creek 
aquifer.   As  subsidence  and  weathering  occur,  the  spoils  should  become  less 
permeable  and  recharge  rates  will  decrease.   The  various  moisture  conservation 
techniques  will  influence  the  amount  of  recharge  through  control  of  infil- 
tration and  runoff.   Practices  that  maximize  infiltration  will  tend  to 
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recharge  the  Antelope  Creek  aquifer  either  in  the  proximate  area  of  the 
mining  or  downstream. 

The  ground  water  supply  in  the  reclaimed  areas  will  be  difficult  to  estimate, 
owing  to  the  lenticular  nature  of  the  aquifers.   Generally,  adequate  supplies 
for  domestic  and  stock  use  could  be  obtained  from  the  basal  sandstone  unit 
of  the  Sentinel  Butte  Member.   Larger  supplies  of  water  are  available  from 
the  Antelope  Creek  aquifer. 

The  shallow  ground  water  beneath  the  reclaimed  areas  will  probably  show  an 
increase  in  dissolved-solids  concentration.   It  is  probable  that  some  shallow 
areas  of  the  Antelope  Creek  aquifer  could  deteriorate  with  time.   Maximum 
plant  use  could  minimize  the  amount  of  water  moving  from  the  spoils  into  the 
aquifers.   Dewatering  in  the  mine  areas  could  cause  deterioration  in  the 
Antelope  Creek  aquifer  if  discharges  are  disposed  of  in  the  stream. 

Surface  Water 

There  should  be  minimal  disruption  of  surface  water  use  in  the  area.   The 
streams  are  ephemeral  and  primary  use  is  stock  watering  in  ponds  constructed 
for  this  purpose.   The  stock  ponds  are  generally  in  the  upper  reaches  of 
the  tributaries  and  will  not  be  affected  by  mining. 

Areas  of  natural  wetlands  storage  and  the  original  water  courses  should  be 
reestablished  when  mined  land  is  reclaimed.   Runoff  characteristics  can  be 
improved  to  retain  water  for  revegetation  and  to  prevent  excessive  erosion. 
Contour  furrowing,  gouging,  or  similar  land  treatments  can  be  applied  to 
the  steeper  slopes.   Channel  areas  should  be  reseeded  to  sod-forming  grasses 
or  transplanted  with  native  sod. 

Runoff  water  should  be  channeled  around  mine  areas  when  possible  to  minimize 
changes  in  the  chemical  quality.  Runoff  from  the  spoils  and  reclaimed  areas 
should  be  minimized  to  avoid  increased  salinity  in  the  streams. 

SUMMARY  OF  RECLAMATION  POTENTIAL 

Based  on  the  resource  data  presented  in  this  report,  the  potential  for 
restoring  surface-mined  land  in  the  Beulah  Trench  Study  Area  to  a  condition 
capable  of  supporting  the  present  uses  (rangeland,  hayland,  and  cropland) 
appears  good  to  excellent.   The  most  critical  factors  directly  influencing 
revegetation:   1)  climate,  and  2)  availability  of  suitable  plant  growth 
material,  both  appear  favorable  in  this  study  area. 

The  climatic  regime  in  this  area  appears  conducive  to  the  production  of 
native  grasses  and  small  grains.   The  moisture  available  to  plants  from 
snowmelt  and  spring  precipitation  is  usually  adequate  for  germination  and 
establishment.   Although  the  growing  season  in  this  area  is  estimated  at 
134  days  between  mid-May  and  mid-  to  late-  September,  the  native  grasses  and 
small  grains  will  typically  mature  or  become  dormant  by  about  mid-July  when 
the  available  soil  moisture  is  depleted. 

Most  soils  in  this  study  area  will  yield  about  12  inches  of  good  quality 
topsoil  which  is  nonsaline,  nonsodic,  and  permeable.   Given  adequate  moisture 
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and  a  moderate  amount  of  fertilization,  this  material  should  provide  an 
excellent  revegetative  medium.   The  quantity  of  suitable  subsoil,  though 
variable  in  this  study  area,  appears  adequate  in  most  cases  for  reconstructing 
a  desirable  root  zone. 

RECLAMATION  ALTERNATIVES 

The  present  land  uses  in  the  Beulah  Trench  Study  Area  are  rangeland,  hayland, 
and  cropland  (small  grains) .   Numerous  alternative  land  uses  could  be  con- 
sidered when  developing  a  reclamation  plan  for  the  area;  however,  only  two 
alternatives  appear  economically  feasible  at  the  present  time.   These  are: 
1)  improve  rangeland/ cropland  productivity,  and  2)  convert  some  of  the 
existing  rangeland  to  cropland. 

The  most  critical  element  necessary  for  improving  rangeland  and  cropland 
productivity  is  additional  moisture.   Supplemental  irrigation  — ' f    coupled 
with  an  intensive  snow  management  program  could  provide  this  additional 
moisture.   Implementation  of  proper  range/crop  management  practices,  i.e., 
limited  grazing,  contour  furrowing,  etc.,  would  also  improve  productivity 
by  controlling  erosion  and  conserving  soil  moisture. 

Most  of  the  acreage  in  the  study  area  is  currently  used  for  rangeland  due 
to  the  rolling  nature  of  the  topography.   During  the  reclamation  process, 
a  good  opportunity  will  exist  to  convert  some  of  this  land  to  cropland. 
This  would  involve:   1)  contouring  the  landscape  to  a  more  gently  sloping 
condition  conducive  to  cultivation,  and  2)  replacing  the  subsoil/ topsoil  in 
a  rather  uniform  thickness  over  the  area  in  order  to  provide  an  adequate 
rooting  zone  for  the  selected  crops  to  be  grown. 


6/  Assumes  that  adequate  ground  water  supplies  of  suitable  quality  could  be 
obtained  from  the  Antelope  Creek  aquifer  (Beulah  Trench) . 
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APPENDIX  A 
ENGLISH  TO  METRIC  CONVERSIONS 
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ENGLISH  TO  METRIC  (SI)  CONVERSIONS 

A  dual  system  of  measurements — English  units  and  the  International  System 
(SI)  of  metric  units — is  given  in  this  report.   SI  is  a  consistent  system 
of  units  adopted  by  the  Eleventh  General  Conference  of  Weights  and 
Measures  in  1960.   Selected  factors  for  converting  English  units  to  SI 
units  are  given  below. 


Multiply  English  Units 

By_ 

Inches 

25.40 

2.54 

0.254 

0.0254 

Feet 

0.3048 

Square  Feet 

0.0929 

Miles 

1.609 

Pounds 

453.60 

Ton 

0.9072 

Acres 

0.4047 

0.004047 

Square  miles 

2.590 

Cubic  inches 

16.39 

Gallons 

.003785 

Acre-feet 

.001233 

1233.00 

Feet  per  mile 

0.1894 

Inches  per  hour 

2.54 

Feet  per  day 

.3048 

Pounds  per  square  inch 

70.32 

Atmospheres 

1033.27 

Bars 

1019.78 

Pounds  per  cubic  foot 

0.01602 

Pounds  per  acre 

1.1206 

Feet  squared  per  day 

0.0929 

Cubic  feet  per  second 

0.02832 

Gallons  per  minute 

0.06309 

Cubic  feet  per  second  per 

0.01093 

square  mile 
Cubic  feet  per  day  per 
square  foot 
Pounds  per  square  yard 

per  hour 
Pounds  per  square  foot 

per  hour 
Btu  per  pound 

Degree  Fahrenheit 


0.3048 


0.5426 

4.8827 
0.556 

Tc  ■  Tf-32 
1.8 


To  Obtain  SI  Units 

millimeters  (mm) 

centimeters  (cm) 

decimeters  (dm) 

meters  (m) 

meters  (m) 

square  meters  (m  3 

kilometers  (km) 

grams  (g) 

tonne  (t) 

hectares  (ha) 

square  kilometers  (km2  ) 

square  kilometers  (knr) 

cubic  centimeters  (cnr  ) 

cubic  meters  (nr) 

cubic  hectometers  (hm3) 

cubic  meters  (m3) 
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Figure  1 


Precipitation  Deviation  at  Selected 
Locations  in  the  Beulah  Trench  Study 
Area. 
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Notes 


The  40  mile  circle  around  the 
Beulah  Trench  Study  Area  indicates 
an  area  in  which  average  yearly 
precipitation  is  about  16.39  inches. 
Minus  or  plus  (inside  circle)  indicates 
deviation  from  the  16.39  inch  normal 
at  selected  stations. 
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■>  ,      ,  Vertical 


5/16/77   -  Moved 
drill   rig  4   aqutp 
o   Beulah, 

5/17/77  -  Local 
rill  holaa  4  ■ 
equipment    to   DH77- 

tz  drive 
«M|ilfi)   0  to  5.0'. 

at  5.0'   5/18/ 
Hole  dry  at 

asapl*  5.0  to  10.0 
BxCa  rotatlaa  10.0 
40.0'.  Hi  core 
40.0   to  80.0'.      Nx 

o  10.0'. 
Using    revert  below 
40. 0'.      Onceaented 
sandstone    vaahed 
•wit    fro*  40.4  ta 
45.8  &  30.0  to 
54.4'. 


77 


Hole 


0.0', 


U.L. 


>  at    10.0 
:   23.6'. 

samples  80.0  to 
4'.  Dropped 
!  95.6   to  100.0 

107.5   to   110.0  4 

117.8   to  120.0'. 

Recovered   core 

except    for   117.8  t< 

120.0'    tone. 
>re  117.8 

122.1'. 
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0  to   3.0';   mo  lot   3.0  to   14.0'  ;   active 
HC1  reaction;   approximately  601  aedlun 
plaatlclty   fines.    35Z   fine  to  coarae 
aand  &   5Z  hard,    aubrounded  gravel 

0  to  2.0';  scattered  lignite  fragments 
clayey  sand  in  placea;  CL  with  SC  zone 
glacial   till. 


Light  gray  to   tan; 

d;   aolst;   moderate  HC1 

uniform  sand    (50-100 


14.1-18.0  BMP; 
slightly  oxidiz 
reaction;    floe,   u 
aieve);.  varies   fr 
low  plasticity   fi' 
glacial   outwaah    ( 


FT.    UNION  FORMATION  -   SENTINEL   BUTTE 


MEMBER   -   PALEOCEHF 


4  highly  oxidized    16.0   I 

axldlzed   19.0  to   21.0';  aolat;    soft;' 

cuts  eaaily  with  knife;  weak  BC1   raacti 

appears   to  be  badly  weathered  or  crushe 

by  glacier;    low  plasticity;    lignite 

fragments. 
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21.0-28.4   SILTT  TO  CLAYEY   SANDSTONE:    Tan 
oxidized;   aolst;    soft;   unceaented; 

ruablee  eaaily  between   flngere;   aand   li 
vary   fine  grain   <  approaching  eilt) 
rangaa   froa  non   to  alightly  plaatic 
leagtha  up  to  12". 


-40.4  BHALE:      Medlua  gray   I 


:idized;   i 


pla 


tic; 


fe  with  sob*  difficulty;  bedding 
ot  readily  diacemlbla;  highly  oxldin 
ith  iron-rich,  ti-inch  concretlona  30.0 
o  30.5  4  34.8  to  35.0';  becoming 
lightly  sandy  38.0  to  40.4';  very  i 
cid   reaction;   core   lengths  3   to  24 


40.4-54.4   SILTY  TO  CLAYEY  SANDSTONE: 
Banded    light  &  medlua  gray;   moist; 
uncemented;   cruoblea   between   flngere; 
fira  where  clayey;    aand    is  very   fine 
gralo   (approaching  silt   In  zones);    very 
weak  HC1  reaction;    clayey  46.5  to  47.2' 
varlea   froa  slightly   to  aoderately 
plaatic;   washed  away  by  drilling  40.4 
to  45.8  &   50.0  to  54.4'. 


■  ---     54.4-56.7   SHALE:      Light   gray  becoaing 
'.-—-       d«rk  gray  4   carbonaceous  with  depth; 
fira;    plaatic;    cues  by  knife  with 
difficulty;   air   slacks   especially    in 


D::J1^ 


fi«r'fieSnfrshcStydCofiIfield 


ah  'Irench  ^.tudy  Area 

Rennets  Cove,  CoaJLf ieJLd  pb( 

i.  .20'    S.    &   520'    E.    of  NW 
er^  Sec.    14,    T.    145  N.,    i 
5/16/77     finished    5/27/77"''' 


GEOLOGIC  LOG  OF  DRILL  HOLE 


77-JQl 


88  V.0U< 


. North. pakota 
„z,   Vertical 


.  49.3'   5/27/77   (2015.7iJ  , 


core  169.4  to  180.0 
No  drill  water 


f.L.  . 
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NX  1 


180.0  to  200.0'. 

Unable  to  recover 
y  sllty  sand 
ehed  away)  184.2 
192.2'.   No  dril 

Pulled  NxCs. 


I 


for  drilling  was 


5  pound  lignite 
samples  taken  a 

129.2  » in:*,- 

133.2-1  IJ6.4 
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149.0  -  150.4 


L 


1 


1 


1 


1 


1 


56.7-57.0  LIGNITE:      Black; 
Black;    ca 


57.0-57.9   SHALE: 
57.9-59.0   LIGNITE: 


59.0-74.8    SANDY 
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f//j  1866 
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66.5   to 

74. 6";    ] 

"   llmestc 

ne  concretion 
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0   1/4"   pyrite 
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e  lengths   3 
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by  knife; 

HC1    reaction; 
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tone   95. t 
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1"  silty 

e  streaks   97. 

to  98.0 
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;    70°   poorly 

defined 

fracture 
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ne   grain 
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'  gouge; 

bedding 
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0  30". 
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on  in   zo 
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:kj  moist;  dull  to  almost  me tall: 
er;  broken  along  bedding  planes 
range    from  horizontal    to  dips  t 
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176.0';   hard,    clay.tone  concretion  at 
177.6  to  177.7'    4   182.6  to  182.7';    dark 
gray   to  black  carbonaceoua  shale  with 
several   1/2"   lignite   streaks   182.5   to 
183.2';    core   lengths   3    to  24". 
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of 


aample  washed  away  during  drilling; 
sample  recovered  consisted  of  uncement 
light  gray  fine  grain  silty  sandstone; 
crumbles  easily  between  flngere;  lami- 
nated to  banded;  oe  HC1  reaction. 


194.0-195.4  SHALE:   Medlua  to  dark  gray 
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illghtly  carbonac 

plaatic;  firm;  difficult 
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198.5-200.0  CLAYEY  SILTSTONE:   Light 


grsy;  fi 
fingers  with  difficu 
plastic;  active  HC1 
lengths  1  to  6". 
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FIELD  APPROVAL_  _ 
TECHNICAL  APPROV, 
APPROVED 


Billings,  Mont- 


Rr  "">"\  1305  -600  -171 


I 
I 


I 

pi 


II 
II 
II 


Plate  II 


■tarted  6/29/ 
B.  Ca  drive 
•■•Tie*  0  to  10.0' 


Bole  at  10.0' 
6/29/77.   Hole  dry, 

10.0  to  12.0'.      Hq 

wireline  core   12.0 

74.0'.      5"  Cs 

to  12.0'. 


GEOLOGIC  LOG  OF  DRILL  HOLE 

fclfiSLS.r'W.^UHeld  PB0J£CT  EWPIA 

2650'    £.    i,   2.00'    S.    of   NW 


(•-28-77 


).    7-5-77  depth  of  OVEI 

64.2'      7/5/77      (2055.6) 


Bole  at 

74.0* 

6/30/77 

5"  Ca  at 

12.0'. 

W.L.  at 

20.0'. 

Bq  wireline 

core  74 

0  to  133.1' 

Jropped 

core  111.8 

m   114.0  4  117.4  to 

L24.0'. 

Recovered 

■■all  portion  In 

Kdrlll 

H 


FT 


0-1  .  b    SILTY    SAXD:      Darli    gray;    dry; 


organic;    approximately   352  nonpla: 
fines  &   65%   fine,    uniform  sand;    roots 

<SM)  . 

FORT  UNION  FORMATION  -  SENTINEL  BUTTE 


MEMBER  -  PALEOCENE 


.5-21.0  SANDSTONE  WITH  SHALE:   Tan; 


easily  between  fingers;  bedding  not 
readily  discernible;  fine,  uniform 
sand;  residual  weathered  (eoil-like) 
1.5  to  5.0';  caliche  concentration  4.5 
to  5.0';  highly  plastic,  aoft,  oxidized 
brown  shale  8.7  to  10.2,  11.0  to  11.3, 
12.2  to  12.4  and  22.1  to  22.4';  shale 
contains  some  gypsum  crystals;  core 
lengths  3  to  12". 

23. 0-124. 4  SHALF  WITH  SAN DSTOHj  S  LIC.NIT1 


Shale  is  tan  &  oxidized  23.0  to  27.0'; 
medium  gray  below  27.0";  moist;  firm; 
(trims  easily  with  knife);  plastic;  all 
slacks;  scattered  1/8-  Co  1/2-inch 
marcaaite  nodules  along  poorly  defined 
bedding  planes;  gypsum  concentration 

26.0  to  26.1';  hard,  gray  limestone 

29.2  to  29.3';  oxidized,  laminated 
shale  (602)  &  fine  grain,  uncemented 
siltv  sandstone  (401)  30.0  to  31.2'; 
black  carbonaceous  shale  38.1  to  38.5' 
with  V  lignite  at  38.5';  laminated, 
fine  grain,  uncemented  silty  sandstone 
(crumbles  between  fingers)  with 
numerous  mareaslte  nodules  up  to  V  in 
size  from  40.0  to  41.2';  black  6 
carbonaceous  60.4  to  60.7';  clayey, 

61.0'  (could  be  healed  fault  gouge?); 
very  hard,  cemented,  sandy  limestone 
65.5  to  66.0  and  70.4  to  70.8';  light 
gray,  uncemented  silty,  fine  grain 
sandstone  70.8  to  71.3.  71.6  to  71.7, 
71.9  to  72.5,  73.2  to  73.9,  77.5  to 

78.3  and  83.0  to  83.3';  hard,  light  gra 
calcareous  cemented  sandstone  83.5  to 
85.1';  light  gray,  uncemented  sandstone 

85.1  to  85.6';  lignite  93.9  to  94.1'  & 

94.4  to  95.6';  shale  Is  banded  with 
streaks  (202)  of  silty  sandstone  97.6 
to  105.4';  uncemented,  laminated  silty 
to  clayey  sandstone  that  is  difficult 

to  crush  between  fingers  105.4  to  108.0' 
hard,  calcareous  slltstone  109.5  to 
111.8  and  116.7  to  117.4';  core  leng 
3  to  24"  and  average  12". 


-139.2   : 


Medium  gray  6    slightly 


ErriS 


;  teit.isB'Wj-fc.H-KM 


at  133.1'  7/1/ 
5"  Cs  at  12.0'. 
W.L.  at  17.7'.   Hq 
wireline  core  133.1 
174.7'. 


7/5/77  -  W.L. 


■— "•" GEOLOGIC  LOG  OF  DRILL  HOLE 

Beulah  Trench   Study  Area 

West  Rennet  Corre  Coalfield  project  EMRIA 

77 _102 "lOCaT.O*      2650;"E.    S    200'    S.    of    NW  2120, 

■■  Corner,    Sec .    23 ,    T.    145   N .  ,    R.    88   w?"0""0  ELEv       ...««!, 

6/2S/77     FIN1jME0.    7/5/77  0EpTM0F0VEftBURneN         77    .......    111th      V 

^nalj^Jrl^uarr,  bu -2>      7/5/77      (2055.8)         logged  by  TWh« 


North  Dakota 
E ,        Vertical  . 


124.4   to   136.4' ;   dark 
gray  (,  highly  carbonaceous   136.4   to 
---J    139.2';    moist;    firm;    trims  by  knife 
difficulty;    laminated   to 


hard,    dense,    dark   gray    limestone    131.6 
;fl    to  132.4';    60°  allckaoslde  at    136.8'; 
occasional  mareaslte  nodulea  along 
bedding  planes;    core   lengths   1   to   24". 


led;   , 


■  lit 


1  plai 


,   deptl 


op; 


iSX.'JoI 


JestXnneT^e^alFteld  PBOJ£CT         EMRIA 
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Plate  12 


GEOLOGIC  LOG  OF  DRILL  HOLE 


■IATVM 

HOLE  MO    77-103 . 

•ICON         7/U/77 

DfRSL*rSDe0S?i°»i:.*J.7o.l(J9,V    7/2.5/77.   (2Q71.AJ 


-  ROJECT    .    TOW  . 
2560'   H.    fc   75'    H.    of   8E   Comar 
ac.,  .22..  T..  1*5  .*(..  R  M>..      GROUND  El 

7/X5/.7.7  .  .   DEPTH  OF  OVERBIDDEN   ....... 


North. Dakota 
. ,  Vertical 


.  279. Q  .         Bti 


'*Tt« 


C  COHPITI 


,   7/7  a  7/8/77/ 
tepeir.  on  drill 

or  la  Biamarck, 
fcrth  Dakota. 
Vll/77-H»»od  drill 
_j  alt*  f  ro» 
Bimmarck.       6xC» 
drive   ■•aplta   0   t 
15-t  ft.     Sot  5-: 
Ca  op  13.0  ft. 

■ola  at  15.0  ft. 
7/12/77.      Hole 
dry.     5- in.  .  Ca  1 
13.0  ft.      BxCs 
drive  na?U|,  lUQf 

•   16.2   ft.      Bq 
vlralaiextcore    15.0 
ta  54.6  ft. 


■ola  at  54.6  ft. 

7/13/77.     W.L.    at 

24.0  ft.      5-lo.   C 

I   13.0   ft.      Hq 

1  95.8  f 
Dropped  b> 

■  95.8   f 


M.6 


:   86.0 


Hole  at  95.8  ft. 
7/14/77.  V.h.  ai 
64.0  ft.      S-lo.  I 

:  13.0  ft.      Hq 
wireline  core  95 

1  134.0  ft.      L01 

.1  drill  water  1 
105.8   ft.      Leat 

plea  1*0.6  to 
104.1,  113.6  to 
123.0  and   124.0 

1  131.7    ft. 


L 

OrIO.0   : 


IT;      dark  gray  and  orgaai 

8   to   0.5  ft.;    tan   to  white  with  calich. 
0.5   to   2.0  ft.;    acattered  caliche 
lnclualona   to   7   ft.;    tan  and  ozldlted 
2.0  to   10.0  ft.;    dry   te  daap ;   approxi- 
mately  55Z  medium  plaaticlty   flnea, 
40Z   fine   to  coarse   aand  and   51  mmatty 
fine   gravel;    acattered    lignite   lncluali 
glacial    till    (CL) 


10.0-16.8   SILTY   aAHD:       tan;    oxidized; 
damp,    active  HC1    reaction;    approxlmatel  ' 
20Z  very   low   to  nonplaatlclty  flnea, 
201   fine,   hard,    aubangular, -gravel   and 
601   fine   to  coaree  aand;    glacial  out- 
waah(7);    (5H) 


16.8-26.6  SjMTJT  CLAY:      tan;    oxidixed 
moist;    active  HC1    reaction;    approximate! 
553  aedlun  plaaticlty   flnea.    40Z   fln< 
to  coaree  aand  and    51  moatly   fine 
gravel ;    lignite   lnclualona;    glee la 1 
|111    (CL) 

FT.    UNION   FORMATION    -    SENTINEL   BUTTE 


MEMBER    -    PALEOCENE 


28.6-133.3  SANDSTONE:      tan  and  oxidized 
28.6-1M.8   ft.;    light  gray  aad 
unoxldMed    112.0  to    133.3  ft.;   volet 
to  wet;    generally  uncemented,    crumbling 
eaally  between    fingers:    fin* 
meetly  clean  with  aome    zones  containing 
up   to   15Z  eilt  or  clay   fineai    alightly 
cemented  with  CeCo3  42.5   to   43.0  ft.; 
hard,    light  gray  calcareoua   sandstone 
(can't   crush  between   fingers)    69.7    Co 
72.7  and   62.9    to  83.8   ft.;    highly 
oxidized   88.8   E«   98-8   ft.;    highly 


wit 


rich  . 


and  carbonaceous  fragments  105.1  to 
106.0  ft.  (loot  water)-  rnn*  105.1  1 
106.0  ft.    la  vuggy  an  I  appears    lead 

washed  away  100.8  to  104.1,  113.6  t< 
123.0  and  124.0  to  131.7  ft.;  S  in. 
lignitic    shale  at    131.7   ft. 


133.0-13ti.O  LIGNITE  ANU  SHALE:  black, 
broken  lignite  133.3  to  133.6  and  133. 
to  134.0  ft.;  black.  plaBtic,  lignitic 
shale    133.6   to   133.6   ft. 


134.0-138.9  Driller  reported 
fine  grain  Sllty  Sandatone 
away  daring  drilling 

138.9-140.4  LIGNITE:      black; 


SKil 

*aawM.  1 


52St*k£?rc&oreu8oatFttld .  .  .    project  . .  JEKRIA STATENozth  DakotaiHEET  I 


7/15/77.      W.L.    at 
L14.6   ft.    5  In.    Ca 

3.0  ft.      Hq 
wireline  core    134.0 


rned    to  Blamarc 

at    151.8  ft. 
7/18/77.      W.L.    at 
Lit. 6  ft.      5   in.    Ci 
3.0   ft.      Hq 
line  core  151.6 
62.7   ft.      No 


Beulah  trench  Studv  Area 

E     Heat  Rejuxex  Qoye  Coalfield 

,  v.-m  ~  B?£i 
"u"' rmm 


GEOLOGIC  LOG  OF  DRILL  HOLE 


North  Dakoci 


7/25/77    (2075.4)    LOl 


teturned    fn 


at   162.7   ft. 
'/19/77.      H.L.   at 
L02.7   ft.      5   in.    Ca 
13.0  ft.      Dropped 

re  172.9  to  182.9 
:.  Located  addl* 
onal   drill  holes 

th  geologist. 

Hole  at   182.9  ft. 

nam.    h.l.  at 

106.2  ft.  5  in.  Ca 
at  13.0  ft.  Hq 
wireline  core  182.9 
to  221.8  ft.  Lost 
core  185.0  to  188.7 
ft. 


140.4-150. d   SHALE   WITH    SAHDSTONE: 


144.5   to   145.5  ft. ;    1   to 

147.2,    147.5,    4  148.0  ft 
2    to   12   in. 


2   in.   hard, 


%  silt    In   zones;    alternating  lami- 
tions  of    siltv   fine  grain   uncemented 
ndstone    (7«)    and  medium  gray  silty 
ale   150.3    to   156.4   ft. S    light  gray, 


161.2-177.9  SHALE:      medium  gray;    mois1 


by  knife  with  1 
cultyl  air  slakes;  ueak  HC1  reaction; 
60°  joint  at  170.5,  172.6,  and  173.6  I 
broken  173.6  to  177.9  ft.;  bedding  noi 
readily  discernible  in  mos:  places;  c< 
lengths   6-18  in. 


177.9-193.2    SHALE: 


1edi.1i] 


gray; 


diffi- 
culty;  air  slakes.      Slight   HC1   reactii 
bedding  not   readily  discernible;    lami- 
nated, sllty,  fine  grain  sandstone  and 
medium  grain  plastic   shale   184.2   to 
185.0  ft.;    lost  core   185.0   to   188.7   ft.: 
core   lengtlis 


with  scattered   dark 
laminations:   moist    to  wet;    10   t 
silt:    sand   Is   fine,    uniform  and 
uncemented    (crumbles   easily  bet 
fingers);    slight  HC1   reaction; 
lengths   6   to   18  in. 


201.0-2 UU.b    SHALE   WITH    SANDSTONE   AND 


:  — ™     LIGNITE:      Shale 


Is  medium   to  dark  gray; 

ind   difficult    trimming 
idstone   is   light  gray. 


218.8  ft.  with  laminated  sllty  sandstoi 
?04.0  to  204.2,  204.4  to  204.6,  205.0 
to  205.2  and  206.0  to  206.2  ft.;  sand- 
stone 218.8  to  221.5  ft.  with  laminate, 
sandstone  and   shale   220.0   to    220.5   ft. 


;:£.•:.' 


;  fc;{-i.!JS'U»Ufr:: 


at  221.8  ft. 
7/21/77.   W.L.  at 
109.2  ft.   5  In. 
at  13.0  ft.   Hq 
eline  core  221.8 
264.0  ft.   No 
drill  water  return. 


■■""         GEOLOGIC  LOG  OF  DRILL  HOLE 

Beulah   Trench    Studv   Araa 

Heat  Renner  Cove.  Coalfield  PROJECT      .EMRTA 

77-103  LOCATION    2560'.  H.  A  75".  N.   of.  SE  Coragl0 


te  North. Dakota 


,  R...  .8.8.  I 


7/25/77    (2075.4) 


2185+ 


lole  at  264.0  ft. 
7/22/77.  W.L.  at 
L07.6  ft.      5   in. 

C.  13.0  ft.      Hq 
rfreline  core    264.0 
279.0  ft.      Pullet 
5  in.    £s. 


7/25/77.  W.L. 
L09.6  ft.  Holi 
Llized  wltl 

.ackfiHed  wit! 
:oncrete    (tota: 

lepth) 


""si 


nxx 


banded    to   laminated   shale   210.5   to 
229.3  ft.   with   laminated  sllty  sand- 
atone  and  sllty  shale   221.2   to  221.8  f 
and   acattered  claystone  concretions  up 
to   1   In.    in  alze;    shale   la  carbonaceou 
228.7   to  229.3  ft,.  ;    alternating  lami- 
nations of   allty   sandstone    (60Z)   and 
allty  shale    (40Z)    229.3  to   231.3  ft.; 
broken   lignite   231.3  to   232.3  ft.; 
carbonaceous  ahale  cut  by  numerous 
sllckenaldea   232.3   to   234.1   ft.;    brokea 
lignite   234.1   to  235.5  ft.;    shale   235.5 
to   242.2  ft.   with   20°  Joint  at   236.4   fl 
black  carbonaceous  ahale  cut  by  elick- 
ensidea    242.2   to   244.6  ft.   with  broken 
lignite   242.2  to   242.3  and   243.2  to 
2*4.3  ft. 


244.6-266.6  LIGNITE:      black;   wet;   broken 
on   1    to  6  in.    centers;   hard;   brittle 
shattered   262.5   to    266.6  ft. 


air  slakes;  dark  gray  and  t  nrhaasr 1  mm 
266.6  to  2«:.i  ft.  ;  kiienatiQg  laaM- 
natlons  of  sllty.  fine  grain,  uncemmnt 
eeadstone  (501}  aad  aUcy  sdale  (50Z) 
.171.4  to  271.6  and  272.2  to  273.4  ft.; 
clayev  fine  grain  saadatone  269.9  to 
270,5  ft.;    eore  lengths   3   to   18  la. 


h3T£m  ::: 


.a*fta5«ac^u&a.tlISLd. 
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Plate  13 


GEOLOGIC  LOG  OF  DRILL  HOLE 


_jul«h  Trench  Study  Area 
feature  Weat    Renaer  Cove  Coalfield 

10*300'   S.   ft.  25" 


.  77rW.*. 

.7/25/7;  . 


26,    T.    145  N..R. 

I  '.'8/1/77.  DEPTH  OF  OVI 

69.2'    8/1/77    (1942.8) 


state    North  Dakota 
rftONHORiz  )  Vertical 


7/25/77.      BxCa 
drive  samples  0   to 
14.0  ft.      Set   5  In. 
:o  13.0  re. 

:  at   14.0   ft. 

7/26/77.  5  in.  Cs 
it  13.0  ft.;  W.L1 
it  10.6  ft.  Hq 
rlrellne  core  14.0 
:o  90.2  ft.  Cere 
•ashed  away  33.7 
:o  43.0  ft.      Pulled 

5   Id.    Cb. 


5/1/77  W.L.   at 
69.2   ft.      Back- 
filled hole  wltl 
concrete. 


0-1.0  TOPSOIL; 


1.0-5.0  CLAY: 


m;  abundant  caliche; 
;  oxidized;  approxi- 
ticity    fines  and   101 


fine  sand.  (CL) 

5.0-12.0  CLAYEY   SAND: 


12.0-14.4  CLAY:      dark  brown;    damp;    firm; 
oxidized;    scattered  gypsum  crystals; 
no  HC1   reaction;    approximately  80% 
medium   to  high  plasticity   fines  and    201 
sand;    sandy  clay  with  about   401 
fine    sand   and    1-2   in.    rounded 
1  13.6   to   14.4   ft.    (CH) 

FT.    UNION   FORMATION- SENTINEL   BUTTE 


oxidized ;    moist ;    uncemented ;    crumbly; 
no  KC1   reaction:    scattered   gypsum 
crystals;    a  few  thin  clayey   zones; 
contains  about    70   to  80*  extremely 
fine   sand  and   201   to   30*  slight 
plasticity   fines;    core    lengths  up    to 
12   in.;    highly  oxidized  around    thin 
iron-rich  concretions   16.6   to   18.8,    22. 
to   23.2  and   30.1   to  30.3  ft.;    sandstone 
washed  away  during  drilling   33.7    to 
43.0  ft. 


54.8    SHALE: 


dark   gray   and   i 


ming 


ily  with  knife 


light  gray  and  sandy  47.0  to  40,0  ft.; 
hard,  highly  cemented  siltstone  52.3  t< 
52.6   ft.;    core    lengths   up   to   2   ft. 

54.8-74.9  LIGNITE;      black;    hard;    broken. 

74.9-75.5  SHALE:      dark  gray;   moist; 
carbonaceous;    firm;    plastic;    cuts  with 
knife  with  some  difficulty;    air  slakes; 
no  HC1  reaction;    core    lengths  6   in. 

75.5-76.4  LIGNITE:      black;   wet;    broken; 


E..  flssi^PJisec^,,fe.4mw      pTo^cT 
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Beulah   Trench   Study   Area 

feature        "est   Rentier  Qcajs  Coalfield     project  EHRIA 

1300'    S.    6   25'   W.    of  NE  Comer 

.Se^  .26,.  .X..  ,5,4.5.  M:  -R-     86    W.      GROUND  ELE' 


HOLE  HO      77t104.. 

in  7/25/77 


69, 2'    8/1/77  .(1,942.8) 


North  Dakota 
!/z)    .  .Vertical 


76.4-79.S   SHALE:      med: 


lengths  wp   I 


79.5-82.5  SILTY   SANDSTONE:      medium  grafr 


grain;    uncemen! 
core    lengths  U] 

12.5-85.6  SILTY 


ed; 


gray;  moist;  firm;  plastic;  c 
knife  with  difficulty;  lamina 
slakes;  strong  HC1  reaction; 
lengths  up    to   24   in. 


-90.2   SHALE 


i  knife;    2   to   5   in. 


dark  gray;    moist; 
;    plastic;    cuta  with 
difficulty;    strong  HC1 
lengths  up    to   18   in. 


e  North   PakotfliHEET.  1.  .of.  J. 


!cM£ufeatF«1H  .  PROJECT  .     EHRIA. 


TED     STATES 
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Plate  14 


GEOLOGIC  LOG  OF  DRILL  HOLE 


1—1  sfa  Ytsncfc  Study  At— 

■lATUM Vut   llWH  .Cam*  -Co*L£l*Ld PDOJECT       EWU 

77-105         tOCATiOM.  .1210'.  .W.  *  .370'.  S.  nt  KB,  fiornor 

BEGUM  .  .  5(»/77  .  .   F.^ISHED.V38^'  ....  DEPTH  OF  OVERBURDEN 


•»z )    Vertical 


fn 


.IflQ.Q*  .4/20/77    U9.7Q.Q) 


wt*eb    on    rtg.        B* 

4rlvm  M^lti  0  t< 
4.0  ft.     Dri|  bit 
9.0  to  1.5  ft. 
llCo  rotation  9.5 
to  25.0  ft.     Bx 
4t1*»  sampl.s    25.0 
to   30.0  ft.      Sot 
3  in.    Co   to  13.0  f 

Bolo  ot  30.0  ft. 
3/24/77.     5  la.  Co 
•t   13.0  ft.     H.L. 
•t   12.3  ft.      Ms 
4riv*  samples   30.0 
to  55.0  ft.      Hq 
wlrol lno  core 
53.0  to  *3.0  ft. 
Using  rovert. 

5/27/77.  Did  not 
go  to  rl|  duo  to 
hoay  rolo  4  noddy 
Hold  conditions, 
lotoxood  to  duty 
•Cation. 

■olo  at    73.0  ft. 

4/4/77.      Returtorf 

3  in.    Co  at   13.0  ft 
H.L.   at  49.6   ft. 
■o.  wirolio*  coro 
73.0  to  83.3   ft. 


Bolo  at   83.3   ft. 
4/7/77.      S  Id.    Ca 
at   13.0  ft.      H.L. 
at    22.6  ft.      Bq 
wirollno  coro  83.3 
to  112. 3   ft.      Ooinj 


,i*r 


0-25,0  SAHDT  CLAY    (GLACIAL  TILL):      dark 
gray  and    slightly  organic   0  to   1.5  ft.: 


lid  in 


1.5   i 


to  10.0  fi 
active  HC1   reaction;    caliche  concentre 
tion   1.5   to   3.S  and   9.5   to   10.0  ft.; 
boulder    (not   recovered)    9.0  to  9.5  ft.; 
approximately  60Z  nedlun  plaatlclty 
finea,    3SZ  fine   to  coarae  aand  and 
5Z  floe.Miard,    aubrounded  gravel;    ocatl 
lignite   Inclusions;    upper   1.5  ft.;  nay 
be  wind  depoatted 

Tl.    UNION   FORMATION    -    SENTINEL   BUTTE 


MEMBER    -    PA1EOCENE r 


25.0-61.1  SANDSTONE: 


oxidized; 


■owe  silt;  very  fine  i 
uncomented;    crumbles  eaally  between 
flngora;   weak  NCI   reaction  in   xones. 
Moderate  HC1   reaction  52.0  to   55.0  ft. 
acatcered  minus  S  in.    iron-rich,    hard 
concretion!  generally  along  bedding 
plane*;    occealonal   thin    (minus   1    In.) 
plastic   ahale   etreaka;    bedding  not 

1  In.    to  6   in. 

SI. 1-6915  SHALE  WITH  SANDSTONE;      tan; 


oxidized;   moist;    ahale   la   firm  with 
scattered,    hard  clayatone   sooeaka; 
ahale  is  moderately   plastic   and    trims 
easily  by  knife;    tan.    uncounted,    fine 
grain  sandstone   that   crumb  lee   easily 
between   fingers  61.8   to   62.0,    63.0   to 
63.8,    66.0   to  66.8  and   68.5   to  68.7   ft. 
numerous  45   to  90°  highly  oxidized 
fractures;    core   lengths  minus   6   in. 


ildlzed   69.5 

broken   lignite   83.6   to  84.7   ft.; 
gray   to   tan  and  alightly  oxldlied   84.7 
85.7    ft.;    light  gray  and   unoxidlied 
85.1   to   92.4   ft.;    moist,    uncenentcd, 
grain 


ally  boi 


9.5   I 


83.6   ft 


bedding  not  readily  discernible  69.5 
83.6  ft.;    banded,    oilty,    fine  grain  sand' 

e  that  crushes  between  fingera  w: 
difficulty  84.7    to   92.4   ft.; 

rial  84.7  to  92.4  ft.  Is  sore  fi 
than  69.5  to  83.6  ft.  zone;  6*1/8  in 
gypsum  streaks  along  horizontal  to  31 
bedding   planes   85.0   to  86.0  ft.;  weal 

reaction;    core   lengths  up   to   12   : 

1-97.0  SHALE 


:diua  gray;  moist; 
In  by  knife  with  some  diffi- 
oderately  plastic  to  plsstic; 
not   readily  discernible;    dsrk 


"teibJBwiik&h* 


.,  Cm  >bMlMCl 

fir\  a.  '  lA/f' 
».  -  l-it/li", 


EATURE         mFPf.  Fi 
OLE  NO.  .  -77.-JJ)5.  . 

begun  . .  5/25/7.7. . 


latffSld 
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N   1210' .U..4  370'  S.  of. HE  Corner  2150+ 

Sec.  34,  T..145.N.,  -R.  88  U.  ""totTl"" 

6/20/77     DEPTH  OF  OVERBUROE* DEPTH . 259 . 4 . 


North  Dakot, 
,z  ,  Vertical 


180.0'   if 20/77   (1970.0) 


at    112.3"    Ft. 
6/8/77.      5   In.    Cs 

13.0   ft.   W.L.    al 
25.0  ft.      Hq  wire- 

134.6    ft.      Dropped 
sample   116.6   to 
122.6  ft.      Washed 
y   trying  to  re- 

11.      Repairs  on 
ellne  overshot. 


Hole 


134.6   ft 


3.0  ft.   W.L. 
round  surface. 
Hq  wireline  134.6 

164.0  ft.   Dropp 
samples  140.0  to 
.0  and  162.0  to 
.0  ft.   Washed 
y  trying  to 
rill.   Repairs 


Hole 


.0  ft 


6/10/77.  5  In.  Cs 
13.0  ft.  W.L. 
62.0  ft.   Hq 

wireline  core 

164.0  to  194.0  ft. 

Used  revert. 

Returned  to  duty 
tlon. 

e  st  194.0  ft. 

6/13/77.  5  in.  Cs 
13.0  ft.  W.L. 
104.8  ft. 
urned  from  duty 
tion.  Hq  wire- 
e  core  194.0  to 

202.4  ft. 


e  North  Dakota>HEE 


cou9   shale  cut  by 

.   60°   slickensldes   94.5    I 

:   lengths   l'to   24   in. 


0-165.8  SANDSTONE:      light  gra; 


:  grain 

een  fingers;  approximately  10Z  noi 

tic  fines;  bedding  not  generally 


nible 


fin 


;■■■■!■-!■, 


ely  1 


reous  sandstone  110.0  to  111.6  ft 
oint  at  110.8  ft.;  several  \  in. 
ignite  streaks  154.8  to  156.3  ft.; 
ecoming  finer  grained  sandstone  with 
bout  202  silt  and  clay  fines  (low 
lasticity)  157.5  to  165.6  ft.;  hard, 
alcareous  sandstone  165.6  to  165.8  ft 
ore   lengths  4  to   *2   In. 

165.6-190.0  SHALE  WITH  SANDSTONE  AND 


GNITE:      Shale    is  medium  gn 

plastic   end    trims  by  knife  with 
some  difficulty;    sandstone   is   light 
gray,   moist,    sllty,    uncemented,    fine 
grain  and   crumbles  easily  between 
ingers;    Lignite    is  black,    broken  and 
oist;    slight  HC1  reaction;    core    length 

to   24   in. 
165. 8-171. 8-Shale  with   5Z  sllty  sand 

marcasite  nodules    ft  in.)   along 
bedding. 

171.8-173. 9-fine  grain  sandstone  with 
shale  172.3  to  172.7  and  lignite  172.7 
to   172.9    ft. 

173.9-174. 2-Sllty   to  sandy,    slightly 
carbonaceous   shale 
174. 2-175. 2-Llgnite 

175. 2-178. 8-Slightly  carbonaceous  shal: 
with  shaley  lignite  176.7    to   177.0  and 
177.7    to  178.7    ft.;    numerous   slickensi 
178. 8-190. 0-Larainsted  medium  plastic 
shale    (60Z)   and   sllty   fine  grain  sand- 
stone .(403);    slight    to  moderate  HC1 
reaction;    contains  marcasite  nodulea 
along  bedding 

190.0-203.4   SANDSTONE  WITH  SHALE:      alter 


tions  of    light    gray,    fine 


n   fingers   and  medium  gray, 
tic    sllty  shale;    sand- 
652  of  material;    aligh 
ore    lengths   1-12  in. 


Beuiah    Trench   Study   Area 
.  West.  Renner  Core^ Coalfield 

77-105    LOCUTION- 
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of  NE  Corner 
Sec.  34,  T.  145  N.,  R.  88  W.  CRO 
. 6/20/77  .  DEPTH  OF  OVERBURDEN  .  . 
180.0*  6/20/77  (1970,0)    logged  I 


215t+ 

TOTAL  , 


Horth  JtaMU 
..  vortical 


Hole  at  202.4  ft. 
6/14/77.   5  in.  C 
at  13.0  ft.   W.L. 
at  60.0  ft.   Hq 
wireline  core  202.4 
to  247.0  ft. 

6/15/77  Unable  to 
work  because  of 

■y  rain  and 
maddy  field  condi- 
tions. 
6/16/77  Unable  to 

heavy  rain  and 
muddy  field  condi- 


Hole  at  247.0  ft. 
6/17/77.   5  In.  Cs 
at  13.0  ft.   W.L. 
at  157.3  ft.   Hq 
wireline  core  247.0 
to  258.5  ft.   Pullei 
5  In.  Cs. 

6/20/77  W.L.  at 
180.0  ft.   Back- 
filled hole  with 
concrete.   Hauled 
away  cuttings. 


i 


(acratchea  with  knifo)    218.1-219.3  ft.; 
sandy  ahale  below   219.3   ft.;    70°  Joint 
at    213.5   ft.;    carbonaceous   223.2   to 
223.5  ft.;    core   lengths  4   to  18  in. 


wet;  dull  tc 
4  in.  csrbonaceous  shale  at  245.0  ft.; 
breaks  along  horizontal  planes  on  >j  to 
6  in.   centers 

247.0-251.0  SANDSTONE  AND  SHALE: 


ing   laminations  of   light  gray,   allty 
fine   grain  aandatone   that   crumbles 
easily  between   fingers  and  ■edlua  gray 
plastic    shale    that   trims  by  knife  with 
soote  difficulty;    sandstone  la  50Z  of 
material;    core   longtha  6   to   12  In. 


251.0-Z57.4   SANDSTONE:      light   gray; 

floe,    uniform   aand 
rumblee  oaslly 


between   fingers;    slight  HC1  I 
bedtlng  not   readily  discernible; 
lengths    3-12   in. 

257.4-258.5  SHALE  WITH  SANDSTONE: 


58:! 


ting   laminations  of  medium  gray,    firm 
Attic   shale    (70%)   and    light  gray, 
cemented,    fine  grain  aandstons    (301); 
tlv*  BC1  reaction;    coro    Lengths    3  In. 


TEO    ST&TES 

T   OP   the    INTERIOR 

RCES    SERVICE 
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GEOLOGIC  LOG  OF  DRILL  HOLE                                 >hmt     A.     of    * 

Seulah  Trench  Htud 
feature.        Veat  Beooer  Core  ( 
WLEN0   77-106         LOCAT.OH..W 

oaUleld                    project         ***« state        North  Dakota 

1     S,     1     25'    V,    of    NE    Corr,*.flOUN0ELEV          "70+                           DIP  (ANCLE  FRO*  HORIZ  .        ^M1"1. 

/77.         DEPTH  OF  OVERBURDEN                     DEPTH         "3-.Q .       BEARING 

6/28/77(2101.3)            LOCCEDBV        .TWKbff....                           LOG  REVIEWED  BY 

BEGUN,      ft/21/77        FINISHED 

ft/2 
6B.7 

d^lEgHSs 

»E 

us 

10  '•«,«"«W"' 

KHMinMCTID    «oVLt 

||S 

£« 

t 

g  1 

HPTH  IFKTl 

; 

if 

1 

,... 

,. 

Hole   started 
6/21/77.      BxCa   driv 
•upLta   0   to   15.0  f 
S  In.      Cs  let   to 
13.0  ft.      Hq  wire- 
line  15.0   to   32.2   f 
501  water    loss  at 
25.0  ft.      Advanced 
5   In.      Ca   to   27.0  f 

Hole  at    32.2   ft. 
6/22/77.      BxCa   at 
27.0  ft.     W.L.   at 
4.3   ft.      Ho,  wirelin 
core   32.2   to   192.1 

*0 
70 

100 
100 

#1 

24.  ft 

30.7 

48.5 

73.2 
96.5 

2045. 4- 
2039.3 

2021.5 

1996.8 
1973.5 

20- 
24.6 

30.t 

48.5: 
so- 

73.2  ; 

80- 

96.5 

oxidized;    moist    to  wet;    approximate  It 
60S  medium  plasticity   fines.    35%  fine 
co  coarse  sand  and    5Z  gravel;    active 
HC1   reaction;    roots    (CL) 

FT.    UNION   FORMATION   -   SENTINEL   BUTTE 

LOO 

100 
100 

1.5 

HEHBEfl    -  PA1E0CENE 

1.5-24.6   SANDSTONE:       tan;    oxidized;    dry 

1.5   to   14.5   ft.;   wet    14.5  to  24.6  ft.; 

fingers;    fine;    uniform  sand;    contains 
10   to   152  ailt;    S  in.    llgnice  at   24.6  ft 
core   lengths   up    co   6   In. 

Z~  ' 

24.6-30.7    SILTY   SHALE:      tan  to  medium 

2U    b 
'3 

trios   easllv  wlch  knife;    thin  bedded; 
sllty;    approaching  clayey  siltsCone   in 
places;    verv   hard,    cemented    sandy    lime- 
stone  27.1    to   28.5  ft.;    scattered 
sllckenaldes;    broken;    very   alight   HC1 
reaction;    lignite   30.4    to   30.7    ft.; 
core    lengths  up   to   12    In. 

30.7-48.5  SANDSTONE:      tan  and  oxidized 

30.7 
14 

3_ 

100 
LOO 

100 

LOO 
LOO 
LOO 

30.7    to  47.5   ft.;    11|bc   gray  and 
unoxldized  47.5   to  48.5   ft.;    fine  grain; 
uneemented;    crumbles   easily   between 
fingers;    crace  of  nonplastlc   fines; 
moist;   occasional    Chin    (1/8   in.)    carbon- 
aceous   streakB.    bedding   not   readily 
discernible;    very  allghc   HC1  reaction; 

stone   40.5    co  41.7    ft.;    core   lengchs  up 
co    12    In. 

48.5-73.2   SILTY    SHALE:      medium   grav; 

! 

j|j 

"" 

48.5 
15 

-_     _ 

moist:    moderately   firm,    trims  easily 
with   knife;    appears    banded;    moderately 
plastic    to  plastic     air   slakes:    dark 
gray  and   carbonaceous    55.4    to  56. '•  and 

57.5  to   57.6  ft.;    1/8   in.    lignite  at 
58.7  and   59.0  ft.;    soft,    broken   lignite 

62.6  to   62.8   ft.;    laminated  medium 
plaacic   silty   shale    (60!)    and   sllcy   to 
clayey,    fine  grain   slightly  calcareous 
sandstone    (401)    65.0   to   73.2   ft.;    60° 

and   69.3   ft.;    occaalonal  minus  h  in. 
marcaBlte  nodules  along  bedding  planes; 
core   lengtha   6   to   18    In. 

73.2-96.5  CLAYEY  SAHDSTONE:      light   gray; 

r_".-" 

-..:.-.: 

— 

73.2 

flngera  with   some  difficulty  when  wet; 
banded    to   almost    laminated    tn    zones: 
moderately   plastic ;    contains   up    to    30Z 
clay  fines;    sand    is    fine  and  uniform; 

c. 

EXPLANATION 

lis 

::::! 

j: 

R3£ 

IjS 

fp 

5i?rU?£  r 

,„».  ussmF^mwi 


eNotth  Dakot. 


Beulsh  Trench  Scudv  Area 

West.  Renner.  Core  Coalfield pro 

„      LOOTION.290.VS..&.25VV.  of.ME.f 
Sec,.6,.T..144.S..a. ,89  1 

j     6/28/77  DEPTH  OF  OVERS 


8.7   6/28/77. (?10i,  J) 


GEOLOGIC  LOG  OF  DRILL  HOLE 


6/21/77 


:t       EWR1A        

"^GROUND  ELEv  2070+ 

JEN         ....  DEP?H. 193,0. 


North  Dakota 
mzy     vertical  . 


banded  clayey  sandstone  to  sandy  sh 
weak  HC1  reaction  in  zones;  broken 
lignite  172.6  co  174.0  ft.;  silty 
sandscone  174.0  to  175.2  ft.;  more 
shnley  (sandy  shale)  below  175.2  ft 
core   lengths   3  to   12  in. 


E      ^1%^P  "./-tt.W-  ' 


WATER  AND    POWER    RESOURCES    SERVICE 

RESOURCE     a     POTENTIAL      RECLAMATION    EVALUATION 

BEULAH  TRENCH  STUDY    AREA 
WEST  RENNERS     COVE    COALFIELD   -  NORTH   DAKOTA 

GEOLOGIC   LOG  OF  DH    77-106 


FIELD   APPROVAL 

TECHNICAL   APPROVAL 


BILLINGS,  MONT, 


•9m\  1305-600-176 
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Plate  16 


Beulah  Trench  Study  Area 

W«tt    H«DD«r    Co*e    CoaUUlJ  pro. 

location   1400'    S.    (,   50'   W.   of   NE   l 

77-167  See..!.  T..l«4.H.„.R..B9 


65.1  8-8-77    (2049.9') 


GEOLOGIC  LOG  OF  DRILL  HOLE 


North  P«kot« 
am  »    .  Vertical  . 


DEPTH       217-6        a 
Pariah   0   to    132.8 
Taucher     132.8   to   21f06 R 


atarted  7/27/ 
B*Ca  drive  aamples 
0  to  15.0  ft.  Hq 
wireline   core    15.0 


ole  at  65.6  ft 
/28Z77.  5  In. 
t  15.0  ft.  W. 
t  43.7  ft.  Hq 
wireline  core  6 
132.8   ft. 


1.3-10.0  SAJIDY   CLAY: 


damp ;    abund 
to  6.0  ft.; 


especially  1.3 
ximately   60Z   low 


FT.    UNION    FORMATION    -    SENTINEL   BUTTE 

MEMBER   -   PALEOCENE 

10.0-45.2  SANDSTONE:  tan  to  light  browi 
molet;  oxldlied;  uncemented;  fine  grali 
no  HC1  reaction;  crumbly;  approximatel 
5  to  101  nonplaatlc  fines.  Scattered 
marcssite  nodules  up  to  Vt  In.  In  mite 
clayey  sandstone  (SO  18.0  to  18.2  and 
24.0  to  24.7  ft.;  hard,  cemented  clay- 
atone    31.5   to   31.7   ft. 

45.2-^5.6  LIGNITE:      black;   moist;    broke 
45.6-54.0  SILTT    SANDSTONE:      tan   to  brow 


xldlted;    mols 


54.0-57.0   SHALE-      medium   gray    grading 
to  near  black;    carbonaceous   ahale  wit> 
depth;    laminated;    moist;    firm;    trims 
by  knife  with  some  difficulty;    plaatli 
air   slakes;    no   HC1    reaction:    hard, 
light   gray   sandy   streakB    55.0   to   55.2 
ft.;    black  and   carbonaceous   56.5   to 
57.0  ft.;    k  In.    lignite   streak  at 
57.0  ft.;    core   lengths   up    to   1    ft. 


—  --         57.0-86.8   SI1 


to 

ran; 

TOO 

9t;    banded; 

crumbly 

un 

fin 
cla 

e  gri 

fry 

In 

ea;    hard,    c( 

hin  all 

menced 

'LI 

60. 

5   to 

61 

0  and   64.2 

o  65.6 

t.; 

all 

ty. 

fine   grain 

sandBto 

ie  6 

to 

86.8 

ft 

;    core    leng 

hs  up    t 

)  1 

86.6 

-104 

5 

ANDY    SHALE: 

medium 

gra 

knife  with  difficulty;    air   slakes; 
plastic;    45°    Joint  at  96.7   ft.;    70° 
Joint   at   96.9   ft.;    very  dark  and 
highly   carbonaceous   99.5   to   104.5   ft 
near   vertical    Joint   99.5   to   100.5   ft 

rnrg  lengthfl  1  to  24  In. 


Heulah  Trench  Studv  Area 

W«at  Rennet  Core  Coalfield. i 

LOCATION.  1400.'  S.  4  5.0'  «.-  of 

:107  Sec.,  X..   T-  14,4.  N_,.  «... 

17-77  ,   F|M|SHED.      8-8-77.      ,     depth  of  ovi 

(ATE  MEASURED.  .MJ.   8-8-7.7    UQ49...9.'.) 


GEOLOGIC  LOG  OF  DRILL  HOLE 


T  EMRIA 

irrW0UNDELEy      .2U5i         - 

'EN DEPTH.   217.6-  ■  ■        81 

Parish  0   to   132.8' 
iGOED  Br     Taucher  JA2.fi.  to.  21J.ft.OC  B 


North. Dakota 
,,z  ,    Vertical. 


Hole   at    132.1 
7/29/77.      5   : 

15.0  ft. 

43.6   ft. 


at    155.1    ft 
6/1/77.      5    in.   C: 
1S.0   ft.      W.L 
53.2    ft.      Hq 


to  164.0  f 
core  155.4 
ft.    (unabl 


lole  at  164.0  ft. 
1/2/77.  5  In.  Ce 
,t  15.0  ft.  W.L. 
,t   53.6   ft.      Hq 


! 


■    BeUlin    MenCn    stuuy  AIM 

EATUHE         Weat    Benner    Co»e    CrialTleld 


\L      .-        "•  "     .  i-AfPY     ■.lils'I'iNF  :' 


E 

Ion; 

Ife  with 

irm;    lam 
dlfficul 
?ths  up.tc 

109.6 

111.1 

LIGNITE 

black; 

brok 

n;   no 

1st 

111.1 

-112.5 

SHALE: 

black;    m 

112. 5-132.6   SANDY  SHALE:      medium  gray; 
moist    to  wet;    firm;    difficult    trimming 
by  knife;    laminated;    scattered   sandy 
zones;    weak  HC1   reaction;    carbonaceous 
116.5   to    116.8   ft.;    laminated   sandston. 
and    shale   116.8   to    119.3,    1S3.7    to 
124.2  and   126.2   to    127.7    ft.;    core 
lengths  up    to    36    in. 


n?. 

-132. 1 

SANDY   LIMESTONE:      dark  gr 

ver 

o!Td 

scratches  with  knife;    cal 

132. 

-172.1 

SHALE  WITH   SANDSTONE  AND 

_  medium  gray:  mois' 
trims  easily  with  kn: 
eadily  discernible;   w. 


to  sandy  shale  152.3  to  153 
very  hard  sandy  limestone  o 
sandstone  154.0  to  r55.0  ft 
lengths   6   to    24    in. 


183.1-200.0  SANDY  SHALE:  medium  gray; 
moist;  firm;  trims  by  knife  with 
difficulty;  medium  to  high  plasticity 
banded  to  laminated;  scattered  small 
(-<!  in.)  marcasite  Inclusions;  plastl 
shale  183.1  to  184.5  ft.;  alternating 
laminations  of  silty  to  clayey  sand- 
stone and  s*ody  shale  184.5  to  189-i- 
sandv  shale  becoming  laminated  198.0 
to  200.0  ft.;  25°  Joint  at  199.0  ft.; 
core    lengths   6   to    30  in. 


200.0-205.9    LIGNITE: 


■  La 


1=: GEOLOGIC  LOG  OF  DRILL  HOLE 

fteulah    Trench    studv    Arca 

Wast   Rennet  Core  Coalfield. PROJECT     ,EMK.lA 

location    1400'    s-    *   50     w-    of   NE  Corner  2U5+ 

.7.7.-AQ7...  Sec       ,       T       iV4    N->    R<     89    W.       GROUND  ELEV  ~ 0 

7/27/77       flNI5HE0       "  V/V/V?    '"  DEpTM'oF  OVERBUROEN  DEPTH     217"' 

Parish   0   to   132.8' 
kNDEDATE0UE*SAURED  65-1    8/8'77    (2049.9)  LOGGED  by  Taucher    132.8    to    217.. 6 \, 


6/3/77 

w 

L.    at 

52.6   f 

Pulled 

5   in. 

Is 

Moved 

to   DH 

77 

108 

8/8/77 

W 

L.    at 

65.1    1 

Back- 

filled 

hole  with 

rill   cutting 


205.9  1217.6 


I 


305.9-717. »  5AJTOV   SHALE: — medium  gray 
olst;     firm    to    v-rv    firm,     irlu    by 
nife  with  difficulty;    scattered  clayey 
aandstone   laminations;    30   to   60°   slick 
enslde  at    212.0  ft.;    core   lengths    3   to 
12   In. 


worth  DakotajHEE 


tK'Sei^'P^Um,.,  p,0Jt         FMRIA 
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I 


Plate  17 


■"Beulah  TTEKcfi  btudv  Area 

.West  Jtejiner  Care.  Coal-field  PR0JEC1 

._m«     location  1525'.  v,.  4.  25,'.  N,.  of  SE  Con 


GEOLOGIC  LOG  OF  DRILL  HOLE 


i  started  8/3/77 
BxCs  drive  samples 
0    to    10.0    ft.      Bx 

otation  10.0  ti 
37.4    ft.      Lost 

r   20.0   to   25. 0 
ft.      Set  S   In.    Cs 
i   28.0   ft. 


Hole  at    37.4   ft. 

8/4/77.   5  In.  Ca 
:  28.0  ft.   W.L. 
:  3.6  ft.   Hq 
reline  37.4  to 

97.3  ft.   Using 


Hole  at  97.3  ft. 
8/5/77.      5  in.    Cs 

28.0  ft.      W.L. 

76.3  ft.  Hq 
wireline  97.3  to 
132.3  ft. 


rt-0  .  6_  SANDY  CLAY 
ry;  roots;  app 
nlfor 


;    approximately   402   fine 

ind  and  601  medium  plasticlt 
;  residual  weathered  glacial  till 
oil    (CL) 


-3  7.0  SANDY  I 


_J   white  to  tan  with 

arise  amounts  of  caliche  0.6  to  5.0  ft 
an  5.0  to  37.0  ft.;  oxidized;  dry 
.4  to  5.0  ft.;  damp  to  moist  with 
epth  5.0  to  37.0  ft.;  active  HC1 
eaction  0.6  to  5.0  ft.;  moderate  HC1 
eaction  below  5.0  ft.;  approximately 
51  medium  plasticity  fines,  40%  fine 
o  coarse  sand  and  5%  hard,  subrounded 
ravel;  lignite  Inclusions;  glacial 
ill  (CL) 

.  UNIOH  FORMATION  -  SENTINEL  BUTTE 


MEMBER  -  PALFtii.rNF 


37.0-77.3  SANDSTONE  WITH  CONGLOMERATE: 


■umble 


es  with  15% 
lly   between 


;  fine 


nted,    silty    to   clayey   conglomerate 
nes  with  rounded    to   suba-ngular   grave 

to    1   in.    in  diameter   37.9   to   38.9, 
.5   to  41.6,    43.5   to  43.6,    44.5   to 
.6,    55.5   to   56.2,    57.0   to   57.5,    69.7 

72.2,    73.4    to   74.6  and    75.9    to   77.0 
derate ly   cemented    calcareous    sands toi 
cratches  with  knife)    72.2    to    73.4, 
.6    to   75.9  and   77.0  to   77.3  ft.;   weal 


to  moderate  HC1   reactioi 
pulverized  by  drilling 

77.3-95.9   SHALE  WITH  LIC1 


gem 


gray;   moist;    trims  by 

tnife   wi 

difficulty;    moderately 

plastic 

plastic;    air   slakes;    b 

anded    to 

laminated;    broken  lign 

te  82.7 

84.1    ft. ;    becoming   sil 

shale  below  89.0  ft.; 

silty  sar 

94.0  to  95.0  ft.;    scat 

tered  mat 

inclusions;    70°  Joint 

rfith  h  ir 

aceous    filling  87.7    to 

88.5  ft 

lengths    3   to   24   in. 

95.9-122.0  SHALE  UITH  SANDSTONE 

grav;    moist;   medium  fi 

rm  but    ir 

easily  with  knife;    pla 

stic;    air 

irregular  joint  97.5 
scattered  marcasite  no. 
.  in  diameter  concentr, 
along  bedding  planes;  , 


ana 


;  iraglS 


Beulnli   Trench    Study   Area 

West    Benoer  Cotc   Coalfield  project 

1525'   W,    6   25'    H,    of  SE.  Qon 


GEOLOGIC  LOG  OF  DRILL  HOLE 


Sec,    6,. T, .144.1 

), ¥.\V.V.  .  OEP.THOF  OVER 

77.3   8/12/77    (1989.7) 


Hole  at    132.3   ft 
8/8/77.      5    in.    Ci 
at   28.0   ft.      W.L 
at    72.7    ft.       Hq 
wireline  core 
132.3  so   140.5    f 


Hole  at 

140. 

5    ft. 

8/9/77. 

5   1 

at   28.0 

ft. 

Hq 

wirelln 

cor 

e  140 

drill  w 

ter 

returt 

Pulled 

in. 

Cs. 

Moved   r 

g   to 

DH77- 

fl/12/77 

W.L. 

at 

77.3   ft 

Filled 

I 


1 


I 


1 


alt. 


tlons  of  i 


ely 


plastic    silty   shale    (40%)    and    light 
gray,    uncemented,    fine   grain  sandatoi 
(60%)    100.3   to   105.6   ft.;    laminated 
shale    and    uncemanted    sandstone    110.0 
to   110.8  and   113.5   to  114.5   ft.:   blai 
carbonaceous    shale    121.4    to    122.0   ft 


122. 0-13^. 6  LIGNITE:  black;  wet,  hat 
broken  on  1  to  3  in.  cente*s  122.0  I 
128.0    ft.,    aoft    and    shattered    128.0 


132.6    ft. 

-140.5   SANDSTONE   WITH   SHALE:      me. 

between  fingers  with  difficulty;  sha 
zones  are  moderately  plastic  and  trii 
by  knife;  medium  gray,  plastic  shale 
132.6  to  133.0  ft.;  with  *i  in.  ligni 
filled  40°  fracture  at  132. »  ft.;  ha 
calcareous  cemented,  tine  griin  sand 
stone  133.0  to  133.4  ft.;  laminated 
sandstone  (70%)  and  shale  (30Z)  133. 
to  140.8  ft.;  1/8  in.  lignite  band 
134.0  and    134.2   ft. 


140.5-149.8  SHALE:  medium  gray;  noia 
moderately  firm,  trims  easily  by  knl 
bedding   not    readily   discernible;    air 


149.8-155. 

LIGNITE 

on  H  In. 

enters;   * 

155.5-168. 

SHALE: 

sandstone   142.5   to   143.5   ft 
oft   148.0  to   149.8  ft.;    a«sc 

to    18    in. 

black;  hard;  brok 


medlu»  gray;  moist 
mmlng  by  knife;  al 
ddinR  not  readily 


difficu 
is;  plast: 

irnlble;  slightly 


156.5  ft.;  i 

158.5  ft. .  i 


sides  155.5  to 

red  uncemented  aaod- 
(30%)  157.0  to 


?&AlUlA PROJECT  .  -  .  FWA  . 
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p 

p 

IP 
p 
p 

p 

p 

p 
IP 
p 
p 

P! 
p 

p 

HI 

PI 

m 
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Plata  18 


>     77-10? 
679/77 


nsca  Ti-.nch. stud;  as 

Ve»t. Rentier  Cfff«. Coalfield 
1M       2280'   E.   S  7S' 


GEOLOGIC  LOG  OF  DRILL  HOLE 


North  Dakota 
mz  ,  Vertical 


1.8/16/77  DEPTH  OF  OVER 

70.4  8/16/77  (1954.6) 


e  started  8/9/7! 
BvCa  drive  saaplei 

o  13.0  ft.  Sal 
5  In.   Ca  to  13.0 


b  at  13.0  ft 
8/10/77.  W.L.  . 
1.5  ft.      5   lo.    Ca 

:   13.0  ft.      H< 
vlr«.llne   core    13.0 
i  81.1   ft. 


!  at  81.0  ft. 

8/11/77.      5  in.   Ca 

:  13.0  ft.     W.L. 

:   55.8   ft.      Hq 

rtreline  core  81.1 

1*0.8  ft.     Pull,  i 
5  In.   Ca.      Moved 
tig- 


8/16/77  W.L.  at 
70.4  ft.  Hole 
•ackfilled  with 


65. (    73.6 


1996.2   28.8 


0-1.7   SAHDV  CLAY:      gray;    slightly 
organic;    dry;    roots;    active  HC1    react: 
approximately  401  fine   sand.    552  medii 
plasticity   fines  and   5X  hard,    sub- 
rounded  gravel;    could  be   reworked 
glacial    till    (CL> 

FT.    UNION  FORMATION  -  SENTIIW,  <AnTE 


MEMBER    -   PALEOCEHE 


3.2-28.8    SILTY   SANDSTONE   WITH   SHALE: 


tan; 

moist;  oxidized 

fine  grain; 

ented;  contains 

5  to  30*  silt 

clay 

fines;  lemlnatec 

in  places  wj 

silty 

shale;  1/8  in. 

gypsum  bands 

locat 

ed  along  beddlnp 

planes  on  1 

12  In 

betwe 

en  fingerB;  sha 

e  is  soft  and 

CUtl 

easily  with  knife;  cc 

re  lengths  1 

:o 

12  In 

.  ;  silty  aotllet 

sandstone  3. 

'  to 

7.0  f 

t.;  silty  shale 

7.0  to  8.5  ft 

waath 

ered  black  llgnl 

te  8.5  to  8.6 

ft.; 

silty 

sandstone  8.6  t 

o  11.5  ft.;  a 

:ity 

shale 

with  silty  a ant 

11  .  ! 

to  14 

2  ft.;  silty  sandstone  14.2 

to 

16.0 

ft.;  laminated  s 

llty  shale  an 

silty 

sandstone  16.0 

to  16.8  ft.; 

lamln 

sted  silty  ssnde 

tone  16.8  to 

22.2 

ft.;  aoft  Bilty 

shale  22.2  to 

25.: 

ft.; 

laalnated, silty 

25.5  to  26.8 

r. , 

28.8  ft. 


28. 8-51. 8  SANDSTONE:   tan;  oxidized; 
moist;  uncemented;  crumbles  easily 

gypsum  inclusions  up  to  1/8  in.  thic* 
generally  along  bedding  planes  on  6  to 
12  in.  centers;  core  lengths  6  to  30  li 


dlum  t< 


51.8-65.0  SHALE  WITH  LIGNITE: 
dark  gray;  moist;  plBstic;  air  slakes 
moderately  firm;  cuts  by  knife  with 
some  difficulty;  2  in.  cemented  shale 
cut  by  pyrite  filled  fractures  52.0  t. 
52.2  ft.;  black,  broken  lignite  52.6 
52.8,  55.1  to  55.4,  56.8  to  59.2  and 
60.1  to  61.2  ft.;  ahaley  lignite  53.4 
to  53.8  ft.;  gypsum  crystals  up  to  *j  li 

to  55.0  ft. 'zone;  2  opposing  45  to  60c 
Joints  at  55.8  &  56.0  ft.;  core  length* 
3  to  24  in. 


65.0-73.6  SILTY  SANDSTONE:   light  gray; 
moist;  firm;  contsins  some  clay; 
slightly  plastic;  silty;  sand  la  fine 


ulah  Trench  Utudv  Area 
feature  .   Welt  Beoner  Cole  Coalfield 


TENorth  HaJcotaSr 
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°|  1305-600-179 


■ 
■ 
1 
■ 
■ 

■ 

■ 


Beulah   Trench    Studv   Ar« 

. West. penner. Core  Coalfield  .  .. 
i  2650'  S,  fy  65Q'  E, 
Spc.,4,.T,.  J.44.N.,    R. 

-19-77  F|N1SHED.      8r?f"-77.      .  DEPTH  OF  OV 


GEOLOGIC  LOG  OF  DRILL  HOLE 


77-110 


"\  . 


.<i?*8,3').9-lT?7. 


samples  0-15' 


Hq  . 


elln. 


15-178. 9'.  Drll 
dry  0-15'.  Wate 
and  Revert  used 
as  drill  fluid. 

1001  water  loss 


97' 


141. 


-148.0'.   No  i 


CASING   RECORD 


PROGRESS   RECORD 
pth  Date 

2'  8/19/7 

52-72.8'  8/22/7 

72.8-141.9'    8/23/7 
141.9-178.9'    8/24/ 


MATER   LEVELS 


Er:U 


IT 


fini 


el   to  1". 


strong  HC1  reaction,  abundant  calichi 
1-5',  dry  to  moist  at  depth,  tan 
grading  to  brown  (CL). 

FT.  UNION  FORMATION  -  SENTINEL  BUTTE 


PALEOCENF 


7.0-8.0'    SANDSTONE 
uncemented,    crumb 


ilv.    Fine 


-lO.j'  SHALE:  black, 
eons,  weathered,  soft 
1   reaction,    bedding  m 


10.0-15.0'  SHALE:  gray,  damp,  soft 
crumbled,  plastic,  no  HC1  reaction 
bedding  not  discernible. 


15.0-16.5'    LIGNITE:      black,    i 


16.  5-30. 4'    SANDY   SHALE: 


core   lengths   to  18" 

30.4-68.4'    CLAYEY 


6E,fr-70.2'  SHALEY  SANDSTONE:   light  gr 
damp,  hard,  cemented,  fine  grained, 
calcareous,  beds  nearly  horizontal, 


70.2-80.6'  SHALE:   grey,  damp,  firm, 
difficult  to  cut  with  knife,  plastic, 
air  slakes,  bedding  not  discernible, 
no  HC1  reaction,  core  lengths  to  3'. 


6-140.9'  SANDY  SHALE:   gray,  damp, 
firm,  difficult  to  cut  with  knife, 
laminated,  bed3  nearly  horizontal, 
air  slakes,  moderate  to  weak  HC1 
reaction,  scattered  pyrite,  very  sandy 

107.8-111.0'  Sandstone-gray,  damp, 
uncemented,  clayey,  crumbly,  fine 


E  Jio.r.th  Dako.tl 


Plate  |9 


1 


GEOLOGIC  LOG  OF  DRILL  HOLE 


.  91..7V  .(1943,3.*).  9-lr77 


_ 


I 


1 


i 


1 


1899.1 
1896 


1881 

1877.4 


TT 


140.9-143.1'    CI.AYEY    SA.IDSTONE  : 


•u-ibles  with 
ulty,  fine  grained,  crossbeddei 
CI    reaction,    core    lengths    to    1 


143.1-U4.11    SANDSTONE:       light    gray, 
cemented,    hard,    fine  grained,    bedding 
nearly  horizontal,    core   lengths   to  8". 

U4.1-U8.0'    SHALE:      gray,    damp,    firm. 


some    lignite    streaks, 
rly  horizontal,    core   lengths 


148.0-149.0'    LIGNITEi,     black,    hard. 

grading 


149.0-151.3'    SHALE: 


eniah  gray,  damp,  firm  I 
easily  with  knife,  plastic,  b< 
not   discernible,   no  HC1   react: 

51.3-156.0'    CLAYEY   SANDSTONE: 


ding 


lei 


grading    to   gray   at    dep 
mented,    crumbles  with  diffi. 

grained.    laminated,    bedding   nearly 
zontal,    no   HC1    reaction, 


1156.0-158.9'    SHALE:      gray,    damp      fin 
cuts  with  difficulty,    air  slakes, 
plastic,    bedding   nor.   discernible! 
carbonaceous  near  bottom,    no  HC1 
reaction,    Core   lengths   to    18". 

158.9-162.6'    LIGNITE:      black,'  hard 


162.6-175.9'    SILTSTQNE: 


175.9-178.9'    SILTY  SANDSTONE:      light 
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Plate  20 


GEOLOGIC  LOG  OF  DRILL  HOLE 

MuXIll   Trench    Study   Area  "' 

W*»c   Renn.r  C(«f  Cp»lfirJii    .  .    project  fWU 

X&W    S.    h  IV    V.    Pf   Nf  Cdrriei 

?T${;      212 . 2 
iah   59.LV212.2   ft. 

59.0'  , 


S.O  ft 


and    0.1,11;. 


22.4 


5.0 
RC1 


reaction;    approximately   55Z  medium 
plasticity   flnea,    401  sand  and   5Z 
gravel;    lignite    Inclusions;    70°  callchi 
lined   joint  at   8.0  ft.;    glacial    tl 
(CD 

FT.    UNION   FORMATION   -   SENTINEL    BUTT 

MEMBER    -    PALEOCENE 

22.4-54.0  SANDSTONE:      tan;    oxidized 

uncemented;    fine   grain;    crumbles  e. 

between    flngera;    banded;    iron-rich 

conglomerate    (pebbles  up   to  <j   In. 

diameter)    44.3    to  44.4   ft.;   "j  In. 

lignite  at   53.5   ft.;    carbonaceous 

52.8  to   53.2   ft. 

54. 0-35.0  SHALE:      tan;    oxidized;   mo: 

ily  with  knife;    plastic; 
bonaceous   54.7    to   55.0  ft. 


sir  slakei 

55.0-56.3  LIGNITE 


black:    broken;    mole 


56.3-56.7  S<LTf  SHALE:  gr, 
soft;  sllty;  laminated  vl 
Material ;    cuts   easily   wit! 

56.7-58.0  LIGNITE:      black; 


unlfoi 


59.0-70.0  SANDSTONE: 
crumbles  easllv  ben 
horizontal  lamlnetli 
In  places;  no  HC1  r. 
up   to  12   in. 


en  fingers; 

s;  cross-bedded 

ction;  core  lengt 


70.0-78.0  SHALE: 


leal  Joint  , 
24  In. 


78.0-91.1  SANDSTONE: 
uncemented ;  crumble! 
fingers;  fine  grsln: 


laminated;  bedding 


!  85.5  to  85.9  ft. 


' — ByuiHH  ire-rum  srtia?  atke — 

ATURE  ....  .u.*at   .R.e.n.n*f.  CoTe.  Coalfield 


GEOLOGIC  LOG  OF  DRILL  HOLE 


Vest.Reuner  Cove  Coalfield       pboj 

77    HI      LOCATION    180°"     S-     S    10'    w-    Of    HE    I 

../tri-ll:  sec.  4.  T.  144  N..  R.  88 

8/12/77  9/i/i)   "  V-p"tu*0«  nwEa'aii 


9/1/77    (1974.6) 


North  Dakota 
RiZ  i    Vertical 


II  no 
_ 


i, 


139.3-158.3  LIGNITE:      black;   moist;   *at 
hard:    brittle,    fractured 

|  158.3-158.8  SHALE:      dark  gray;    damp; 
firm;    difficult    to  cut  with  knife; 
bedding  not  discernible;    no  HC1 
reaction;    plastic 

158.8-159.4  LIGNITE:      black;    moist;    har< 


159.4-167.8  SHALE:      gray;    moist;    fir 
cuts  eaally  with  knife;    plastic;    beddlnb 
not   discernible:    no  HC1   reaction;    c 
lengths  up   to   24   in. 
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flngera  with  some  difficulty;    ft 
grain;    laminated;    bedding  nearly 
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rm;  cuts  by  knife  with  difficulty; 
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horizontal;    air   slakes   In 

zones;    plastic;    no  HC1  reaction;    i 

In  sandy   zones  where    there  Is  a  strong 

reaction;    core  lengths  up   to   18  In 

laminated   and   aandy    182.5    to    185.0 

black  and   carbonaceous    190.0   to  192.0  f 

laminated  and  sandy  198.0   to    200.0  ft 

laminated  and   sandy   207.0  to   210.5  ft 
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Chemical  Analyses  of  Lignite  from  the  Sentinel  Butte  Member  of 

2/ 
the  Fort  Union  Formation,  Beulah  Trench  Study  Area  — 

by 

Ricky  T.  Hildebrand 

and 

Joseph  R.  Hatch 

Twenty-four  samples  of  lignite  were  collected  by  the  U.S.  Geological  Survey 
from  12  core  holes  in  the  Beulah  Trench  EMRIA  (Energy  Mineral  Rehabilitation 
Inventory  and  Analyses)  Study  Area  (see  Table  8) .   The  samples  are  from  three 
beds  in  the  Sentinel  Butte  Member  of  the  Fort  Union  Formation  of  Paleocene 
age  and  are  briefly  described  in  Table  8.   Using  the  bed  designation  given 
in  Table  8,  3  of  the  samples  are  from  the  C  bed,  19  samples  are  from  the  D 
(Beulah-Zap)  bed,  and  2  samples  are  from  the  F  bed.   Proximate  and  ultimate 
analyses,  heat-of-combustion,  air-dried- loss,  forms-of -sulfur,  and  ash-fusion- 
temperature  determinations  for  the  samples  are  given  in  Table  9.   These 
analyses  were  provided  by  the  Coal  Analysis  Section  of  the  Department  of 
Energy,  Pittsburgh,  Pennsylvania.   Analyses  for  ash  content,  and  30  major  and 
minor  oxides  and  trace  elements  in  the  laboratory  ash  (Table  12) ,  and 
analyses  of  9  trace  elements  in  whole  lignite  (Table  13)  for  the  samples 
were  provided  by  the  Analytical  Laboratories  of  the  U.S.  Geological  Survey 
in  Denver,  Colorado.   Most  analytical  procedures  used  by  the  U.S.  Geological 
Survey  are  described  in  Swanson  and  Huffman  (1976).   Analyses  for  As,  Co, 
Cr,  Sb,  Se,  and  Th  are  performed  by  Instrumental  Neutron  Activation  Analysis 
(INAA)  on  whole  lignite.   Table  14  contains  the  data  listed  in  Table  12 
converted  to  a  whole-lignite  basis  and  includes  the  whole-lignite  analyses 
listed  in  Table  13.   Twenty-six  additional  elements  not  listed  in  Tables  12, 
13,  and  14  were  looked  for  but  not  found  in  amounts  greater  than  their  lower 
limit  of  detection  (Table  15). 

Unweighted  statistical  summaries  of  analytical  data  on  the  24  lignite  samples 
in  Tables  12,  13,  and  14  are  listed  in  Tables  16,  17,  and  18  respectively. 
For  comparison,  data  summaries  of  proximate,  ultimate,  and  forms-of-sulf ur 
analyses,  and  heat  of  combustion  for  32  other  Fort  Union  region  lignite 
samples  (Swanson  and  others,  1974)  and  major,  minor,  and  trace  elements  for 
80  other  Fort  Union  region  lignite  samples  (Hatch  and  Swanson,  1976)  are 
included.   Data  summaries  for  Cd,  Ge,  Nb,  and  P?0   in  lignite  ash  are  not 
included  in  Tables  17  and  18  because  they  were  detected  in  an  insufficient 
number  of  samples  to  calculate  meaningful  statistics. 

To  be  consistent  with  the  precision  of  the  semiquantitative  emission 
spectrographic  technique,  arithmetic  and  geometric  means  of  elements  deter- 
mined by  this  method  are  reported  as  the  midpoint  of  the  enclosing  six-step 
brackets  (see  subtitle  of  Table  12,  or  Swanson  and  Huffman  (1976,  p.  6),  for 
an  explanation  of  six-step  brackets) . 
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COAL  - 

Origin 

Coal  has  been  defined  as  "a  readily  combustible  rock  containing  more  than 
50  percent  by  weight  and  more  than  70  percent  by  volume  of  carbonaceous 
material,  formed  from  compaction  or  induration  of  variously  altered  plant 
remains  similar  to  those  of  peaty  deposits.   Differences  in  the  kinds  of 
plant  materials  (type),  in  degree  of  metamorphism  (rank),  and  range  of 
impurity  (grade)  are  characteristics  of  the  varieties  of  coal"  (Schopf , 
1966,  p.  588).   Inherent  in  the  definition  is  the  specification  that  the 
coal  originated  as  a  mixture  of  organic  plant  remains  and  inorganic  mineral 
matter  that  accumulated  in  a  manner  similar  to  that  in  which  modern-day 
peat  deposits  are  formed.   The  peat  then  underwent  a  long,  extremely  complex 
process  called  "coalif ication,"  during  which  diverse  physical  and  chemical 
changes  occurred  as  the  peat  changed  to  coal  and  as  the  coal  assumed  the 
characteristics  by  which  we  differentiate  members  of  the  series  from  each 
other.   The  factors  that  affect  the  composition  of  coals  have  been  summarized 
by  Francis  (1961,  p.  2)  as  follows: 

The  mode  of  accumulation  and  burial  of  the  plant  debris  forming  the 
deposit. 

The  age  of  the  deposits  and  their  geographical  distribution. 

The  structure  of  the  coal-forming  plants,  particularly  details  of 
structure  that  affect  chemical  composition  or  resistance  to  decay. 

The  chemical  composition  of  the  coal-forming  debris  and  its 
resistance  to  decay. 

The  nature  and  intensity  of  the  plant-decaying  agencies. 

The  subsequent  geological  history  of  the  residual  products  of  decay 
of  the  plant  debris  forming  the  deposits. 

For  extended  discussion  of  these  factors,  the  reader  is  referred  to  such 
standard  works  as  Moore  (1940),  Lowry  (1945),  Tomkeieff  (1954),  Francis 
(1961),  and  Lowry  (1963). 

Classification 

Coals  can  be  classified  in  many  ways  (Tomkeieff,  1954,  p.  9;  Moore,  1940, 
p.  113,;  Francis,  1961,  p.  361),  but  the  classification  by  rank  —  that  is, 
by  degree  of  metamorphism  in  the  progressive  series  that  begins  with  peat 
and  ends  with  graphocite  (Schopf,  1966)  —  is  the  most  commonly  used  system. 
Classification  by  types  of  plant  materials  is  commonly  used  as  a  descriptive 
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adjunct  to  rank  classification  when  sufficient  megascopic  and  microscopic 
information  is  available,  and  classification  by  type  and  quantity  of 
impurities  (grade)  is  also  frequently  used  when  utilization  of  the  coal  is 
being  considered.   Other  categorizations  are  possible  and  are  commonly 
employed  in  discussion  of  coal  resources  —  such  factors  as  the  weight  of 
the  coal,  the  thickness  and  areal  extent  of  the  individual  coalbeds,  and 
the  thickness  of  overburden  are  generally  considered. 

Rank  of  Coal 

The  position  of  a  coal  within  the  metamorphic  series,  which  begins  with 
peat  and  ends  with  graphocite,  is  dependent  upon  the  temperature  and 
pressure  to  which  the  coal  has  been  subjected  and  the  duration  of  time  of 
subjection.   Because  it  is,  by  definition,  largely  derived  from  plant 
material,  coal  is  mostly  composed  of  carbon,  hydrogen,  and  oxygen,  along 
with  smaller  quantities  of  nitrogen,  sulfur,  and  other  elements.   The 
increase  in  rank  of  coal  as  it  undergoes  progressive  metamorphism  is 
indicated  by  changes  in  the  proportions  of  the  coal  constituents  —  the 
higher  rank  coals  have  more  carbon  and  less  hydrogen  then  the  lower  ranks. 

Two  standardized  forms  of  coal  analyses  —  the  proximate  analysis  and  the 
ultimate  analysis  —  are  generally  used  in  the  world  today,  though  sometimes 
only  the  less  complicated  and  less  expensive  proximate  analysis  is  made.   The 
analyses  are  described  as  follows  (U.S.  Bureau  of  Mines,  1965,  p.  121-122): 

The  proximate  analysis  of  coal  involves  the  determination  of  four 
constituents:   (1)  water,  called  moisture;  (2)  mineral  impurity, 
called  ash,  left  when  the  coal  is  completely  burned;  (3)  volatile 
matter,  consisting  of  gases  or  vapors  driven  out  when  coal  is 
heated  to  certain  temperatures;  and  (A)  fixed  carbon,  the  solid  or 
cokelike  residue  that  burns  at  higher  temperatures  after  volatile 
matter  has  been  driven  off.   Ultimate  analysis  involves  the  deter- 
mination of  carbon  and  hydrogen  as  found  in  the  gaseous  products 
of  combustion,  the  determination  of  sulfur,  nitrogen,  and  ash  in 
the  material  as  a  whole,  and  the  estimation  of  oxygen  by  difference. 
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Most  coals  are  burned  to  produce  heat  energy  so  the  heating  value  of  the  _( 

coal  is  an  important  property.   The  heating  value  (calorific  value)  is  I 

commonly  expressed  in  British  thermal  units  (Btu)  per  pound:   one  Btu  is 
the  amount  of  heat  required  to  raise  the  temperature  of  1  pound  of  water 
1  degree  fahrenheit  (in  the  metric  system,  heating  value  is  expressed  in 
kilogram-calories  per  kilogram) .   Additional  tests  are  sometimes  made, 
particularly  to  determine  the  caking,  coking,  and  other  properties,  such  as 
tar  yield,  which  affect  classification  or  utilization. 


Figure  2  compares,  in  histogram-form,  the  heating  values  and  moisture, 
volatile  matter,  and  fixed  carbon  contents  of  coals  of  different  ranks. 

Various  schemes  for  classifying  coals  by  rank  have  been  proposed  and  used, 
but  the  most  commonly  employed  is  that  entitled  "Standard  specifications 
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Comparison  on  moist,  mineral-matter-f ree  basis  of  heat  values  and  proximate 
analyses  of  coal  of  different  ranks  (modified  from  Trumbull,  1960). 
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for  classification  of  coals  by  rank,"  adopted  by  the  American  Society  for 
Testing  and  Materials  (1974)  (Table  7). 

The  ASTM  classification  system  differentiates  coals  into  classes  and  groups 
on  the  basis  of  mineral-matter-free  fixed  carbon  or  volatile  matter  and  the 
heating  value,  supplemented  by  determination  of  agglomerating  (caking) 
characteristics.   As  pointed  out  by  the  ASTM  (1974,  p.  55),  a  standard  rank 
determination  cannot  be  made  unless  the  samples  were  obtained  in  accordance 
with  standardized  sampling  procedures  (Synder,  1950;  Schopf,  1960).  However, 
nonstandard  samples  may  be  used  for  comparative  purposes  through  determin- 
ations designated  as  "apparent  rank." 

Twenty-four  samples  listed  on  Tables  8  and  9  show  an  apparent  rank  of 
lignite  A.   Because  of  the  lack  of  definitive  information  about  the  distri- 
bution of  lignites  of  various  groups  in  the  Fort  Union,  it  is  considered 
to  be  all  lignite  A  in  rank  in  the  area  of  the  study. 

Type  of  Coal 

Classification  of  coals  by  type  —  that  is,  according  to  the  types  of  plant 
materials  present  —  takes  many  forms,  such  as  the  "rational  analysis"  of 
Francis  (1961)  or  the  semicommercial  "type"  classification  commonly  used  in 
the  coalfields  of  the  eastern  United  States  (U.S.  Bureau  of  Mines,  1965, 
p.  123).  However,  most  of  the  type  classifications  are  based  on  the  same, 
or  similar,  gross  distinctions  in  plant  material  as  those  used  by  Tomkeieff 
(1954,  Table  II  and  p.  9),  who  divided  the  coals  into  three  series:   humic 
coals,  humic-sapropelic  coals,  and  sapropelic  coals,  based  upon  the  nature 
of  the  original  plant  materials.   The  humic  coals  are  largely  composed  of 
the  remains  of  the  woody  parts  of  plants;  and  the  sapropelic  coals  are 
largely  composed  of  the  more  resistant  waxy,  fatty,  and  resinous  parts  of 
plants,  such  as  cell  walls,  spore-coatings,  pollen,  resin  particles,  and 
coals  composed  mainly  of  algal  material.   Most  coals  fall  into  the  humic 
series,  with  some  coals  being  a  mixture  of  humic  and  sapropelic  elements 
and,  therefore,  falling  into  the  humic-sapropelic  series.   The  sapropelic 
series  is  quantitatively  insignificant  and,  when  found  is  commonly  regarded 
as  an  organic  curiosity.   In  common  with  most  of  the  U.S.  coals,  Fort  Union 
lignite  falls  largely  in  the  humic  series. 

Grade  of  Coal 

Classification  of  coal  by  grade,  or  quality,  is  based  largely  on  the  content 
of  ash,  sulfur,  and  other  constituents  that  adversely  affect  utilization. 
Most  detailed  coal  resource  evaluations  of  the  past  do  not  categorize  known 
coal  resources  by  grade,  but  coals  of  the  United  States  have  been  classified 
by  sulfur  content  in  a  gross  way  (DeCarlo  and  others,  1966). 

The  range  and  average  of  the  ash  and  sulfur  content  of  642  coals  from  all 
parts  of  the  United  States  were  determined  by  Fieldner,  Rice,  and  Moran  (1942) 
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Table  8  • — USGS  sample  number,  hole  number,  location,  depth  Interval  and  Bed  designation 
for  24  samples  from  the  Beulah  Trench  Study  Area  —  —  —  Mercer  County,  N.  Dak. 

[All  samples  are  from  the  Sentinel  Butte  member  of  the  Fort  Union  Formation  of 

Paleocene  age] 


USGS 
sample 
number 

D194858 


D194859 
D194860 
D194861 
D194862 
D194863 
D194864 
D194865 
D194866 
D194867 
D194868 
D194869 
D194870 
D196052 


Hole 

number  Location 

77-101  NVftJUft;  sec.  14,  T.    145  N.,  R.  88  W. 

77-102  NEWs  sec.  23,   T.    145  N.,  R.  88  W. 

77-103  SWHSEH;  sec.  22,   T.    145  N. ,  R.  88  W. 

77-104  NF>sNEJs  sec.  26,   T.    145  N. ,  R.  88  W. 

77-105  NE*sNEJt  sec.  34,   T.    145  N. ,  R.  88  W. 

77-106  NEJsNFA;  sec.  6,   T.    144  N. ,   R.    88  W. 


— do~ 


— do — 


-do- 


77-107        SEJsNEls  sec.    1,   T.    144  N.,   R.    89  W. 


77-108       S\hS*h  sec.    6,   T.    144  N. ,   R.    94  W. 


Depth  interval 

represented  in 

meters  and  (feet) 

39.4-  41.6 
(129.2-136.4) 

42.4-  45.8 
(139.0-150.4) 

59.7-  60.4 
(196.0-198.0) 

42.4-47.6 
(139.2-156.2) 

74.6-  81.3 
(244.6-266.6) 

16.7-  22.8 
(54.8-  74.9) 

68.2-  71.2 
(223.7-233.7) 

71.2-  74.4 
(233.7-244.0) 

40.9-41.6 
(134.3-136.6) 

42.5-  45.7 
(135.5-150.0) 

48.7-49.4 
(159.7-162.1) 

52.5-55.8 
(172.1-183.1) 

61.0-62.8 
(200.0-205.9) 

37.2-40.3 
(122.0-132.3) 


Bed 
designation 


Do. 


Do. 


Do. 


Do. 


Do. 


Do. 


Do. 


Do. 


Do, 


Do. 


Do. 
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Table  8  . — USGS  sample  number,  hole  number,  location,  depth  Interval  and  Bed  designation 
for  24  samples  from  the  Beulah  Trench  Study  Area  -.  —  .»  Mercer  County,  N.  Dak. — 
Continued 


USGS 
sample 
number 

D196053 
D196054 
D196055 
D196056 
D196057 
D196058 
D196059 
D196060 
D196061 
D196062 


Hole 
number  Location 

77-108  S\f%SIh   sec.  6,  T.  144  N.,  R.  94  W. 

77-109  NEJsNW*&  sec.  8,  T.  144  N. ,  R.  88  W. 


77-110   NVfoSWH;  sec.  4,  T.  144  N.,  R.  88  W. 


do— 


77-111       S&dttk  sec.   4,   T.    144  N. ,   R.   88  W. 


Depth  interval 
represented  in  Bed 

meters  and   (feet)        designation 


77-112       NE*sNW*t  sec.   22,  T.    145  N. ,   R.   88  W. 


45.7-47.4 
(149.8-155.5) 

17.3-18.0 
(56.8-59.2) 

30.6-34.1 
(100.4-111.9) 

38.0-39.7 
(124.8-130.4) 

24.6-30.1 
(80.6-  98.6) 

48.4-49.6 
(158.9-162.6) 

32.6-33.4 
(107.0-109.5) 

33.6-34.3 
(110.4-112.4) 

42.5-48.2 
(139.3-158.3) 

51.5-57.9 
(168.8-190.0) 


Do. 


Do. 


Do. 


Do. 
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Major-  and  minor-oxide  and  trace-element   composition  of   the   laboratory  ash  of    24   lignite  samples   from  the   Sentinel 
Butte  Member,   Fort  Union  Formation,     Beulah  Trench  Study  Area  llercer  County,   N.   Dak. 

[Values    in   percent   or   parts   per   million.      Lignite   ashed   at    525*C.      L  means    less    than  value   shown;   N,    not   detected;    B,   not 
determined.      S   after   element    title    indicates   determinations   by   semiquantitative   emission   spectrography .      The  spectrographs 
results  are   to  be  identified  with  geometric  brackets  whose  boundaries  are  part  of   the  ascending  series  0.12,   0.18,   0.26, 
0.38.   0.56,   0.83,    1.2,   etc.,  but   reported  as  midpoints   of   the  brackets,   0.1,   0.15,   0.2,   0.3,   0.5,   0.7.    1.0,   etc.; 
precision  of   the  spectrographs   data   is  plus-or-mlnus  one  bracket  at   68  percent  or  plus  or  minus  two  brackets  at   95  percent 
confidence   level] 


Sample 
number 

Ash 

S102 

A1203 

CaO 

MgO 

Na20 

K20 

Fe203 

T102 

P205 

Sample 
number 

(percent) 

(percent) 

(percent) 

(percent) 

(percent) 

(percent) 

(percent) 

(percent) 

(percent) 

(percent) 

D194858 

15.7 

39 

11 

16 

4.00 

0.51 

0.50 

5.2 

1.0 

1.0L 

D194858 

D194859 

10.7 

28 

11 

17 

5.30 

1.08 

.80 

6.6 

.40 

1.0L 

D194859 

D194860 

20.0 

54 

12 

9.0 

4.50 

3.08 

1.6 

5.2 

.70 

1.0L 

D194860 

D194861 

10.2 

38 

12 

14 

6.20 

9.40 

.70 

3.2 

1.1 

1.0L 

D194861 

D194362 

10.5 

25 

9.4 

13 

5.40 

8.30 

.40 

8.4 

.60 

1.0L 

D194862 

D194863 

9.5 

22 

9.8 

20 

6.90 

4.40 

.30 

6.3 

.70 

1.0L 

D194863 

D194864 

19.6 

55 

9.4 

7.2 

3.30 

4.70 

.60 

4.3 

1.4 

1.0L 

D194864 

D194865 

9.1 

14 

5.8 

19 

6.20 

9.40 

.30 

7.7 

.60 

1.0L 

D194865 

D194866 

32.1 

69 

11 

3.6 

1.93 

2.53 

1.1 

2.4 

1.5 

1.0L     : 

D194866 

D194867 

9.2 

17 

10 

18 

6.30 

9.50 

.20 

6.3 

.60 

1.0L 

D194867 

D194868 

6.6 

6.6 

5.5 

22 

8.00 

13.4 

.30 

4.7 

.60 

1.0L 

D194868 

D194869 

9.5 

22 

8.1 

17 

6.60 

1.65 

.40 

12 

.60 

1.0L 

D194869 

D1948  70 

11.5 

28 

7.4 

10 

4.80 

7.20 

1.1 

13 

.50 

1.0L 

D194870 

D196052 

10.9 

15 

6.2 

17 

4.50 

.55 

.40 

18 

.40 

1.0 

D196052 

D196053 

11.1 

24 

6.2 

13 

4.90 

5.00 

1.1 

16 

.40 

1.0 

D196053 

D196054 

9.5 

16 

6.7 

14 

8.40 

1.84 

.70 

12 

.60 

1.0 

D196054 

D196055 

8.7 

23 

11 

24 

7.30 

1.43 

.50 

3.6 

.70 

2.0 

D196055 

D196056 

7.4 

13 

5.1 

26 

7.60 

1.25 

.50 

5.1 

.40 

2.0 

Dl 96056 

D196057 

10.1 

24 

8.1 

15 

5.40 

8.80 

.50 

5.6 

.80 

1.0 

D196057 

D196058 

9.2 

17 

7.6 

15 

5.70 

10.0 

.50 

10 

.70 

1.0 

D196058 

D196059 

16.9 

36 

7.4 

8.7 

2.70 

.83 

1.0 

17 

.60 

1.0L 

D196059 

D196060 

12.3 

25 

9.9 

14 

4.40 

1.43 

.90 

8.1 

.50 

1.0 

D196060 

D196061 

9.9 

20 

8.5 

17 

7.50 

2.35 

.40 

9.4 

.60 

2.0 

D196061 

D196062 

12.7 

40 

9.3 

12 

4.20 

7.10 

1.0 

6.3 

.90 

1.0 

D196062 

Sample 
number 

S03 

B-S 

Ba-S 

Be-S 

Cd 

Cu 

Ga-S 

Ge-S 

LI 

Mn 

Sample 
number 

(percent 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

D194858 

16 

500 

5 

000 

N 

1.0L 

50 

30 

N 

38 

990 

D194858 

D194859 

22 

1 

000 

2 

000 

5 

1.0L 

80 

30 

N 

23 

1,010 

D194859 

D194860 

6.8 

500 

2 

000 

3 

1.0L 

35 

30 

N 

27 

660 

Dl  94860 

D194861 

14 

700 

10 

000 

N 

1.0L 

70 

30 

N 

41 

490 

D194861 

D194862 

23 

700 

5 

000 

3 

1.0L 

42 

30 

N 

38 

200 

D194862 

D194863 

25 

1 

,500 

7 

000 

N 

1.0L 

50 

30 

N 

23 

860 

D194863 

D194864 

17 

700 

3 

000 

3 

1 .01 

55 

30 

30 

31 

390 

D194864 

D194865 

33 

1 

,500 

7 

000 

N 

1.0L 

45 

15 

M 

18 

1,380 

D194865 

D194866 

8.5 

500 

1 

,500 

3 

1.0L 

60 

50 

N 

43 

225 

D194866 

D194867 

25 

1 

,500 

7 

,000 

3 

1.0L 

40 

15 

N 

43 

740 

D194867 

D194868 

22 

2 

,000 

10 

,000 

7 

1.0L 

35 

10 

N 

13 

430 

D194868 

D194869 

30 

1 

,500 

5 

,000 

3 

1.0L 

40 

15 

N 

18 

670 

D194869 

D194870 

28 

1 

,500 

5 

,000 

3 

1.0L 

35 

15 

N 

20 

270 

D1948  70 

D196052 

33 

1 

,000 

5 

,000 

N 

1.0L 

38 

B 

N 

16 

1,720 

D196052 

D196053 

30 

1 

,000 

5 

,000 

3 

1.0L 

53 

B 

N 

20 

360 

D196053 

D196054 

37 

1 

,500 

7 

,000 

3 

2.0 

45 

20 

N 

13 

1,320 

D196054 

D196055 

27 

1 

,000 

7 

,000 

3 

1.0L 

32 

20 

N 

32 

1,000 

D196055 

D196056 

25 

1 

,500 

5 

,000 

10 

1.0L 

93 

15 

N 

10L 

1,040 

D196056 

D196057 

25 

1 

,500 

10 

,000 

3 

1.0L 

66 

20 

70 

34 

500 

D196057 

D196058 

27 

1 

,000 

10 

,000 

15 

1.0L 

47 

30 

50 

31 

120 

D196058 

D196059 

22 

700 

3 

,000 

N 

1.0L 

45 

B 

N 

18 

920 

D196059 

D196060 

31 

1 

,000 

1 

,500 

7 

1.0 

104 

20 

30 

24 

1.680 

D196O60 

D196061 

27 

1 

,000 

7 

,000 

N 

1.0L 

45 

15 

N 

32 

620 

D196061 

D196062 

18 

700 

5 

,000 

3 

1.0L 

51 

20 

N 

31 

560 

D196062 

Sample 
number 


Sample 
number 
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Major-  and  mlnor-oxlde  and  trace-element  composition  of  the  laboratory  aah  of  U   lignite  samples  from  the  Sentinel 
Butte  Member.  Fort  Union  Formation,  Beulah  Trench  Study  Area  Mercer  County.  N.  Dak. — continued. 


Mo-S 
(ppm) 


Zr-S 
(ppm) 


D194858 

150 

D194859 

100 

D194860 

100 

D194861 

150 

D194862 

100 

D194863 

150 

D194864 

200 

D194865 

100 

D194866 

200 

D194867 

150 

D194868 

70 

D194869 

150 

D194870 

70 

D196052 

100 

D196053 

100 

D196054 

70 

D196055 

150 

D196056 

100 

D196057 

200 

D196058 

300 

D196059 

150 

D196060 

200 

D196061 

150 

D196062 

150 

Nb-S 
(ppm) 


Ni-S 
(ppm) 


Pb 
(ppm) 


Sc-S 
(ppm) 


Sr-S 
(ppm) 


V-S 
(ppm) 


Y-S 
(ppm) 


Yb-S 
(ppm) 


D194858 

7 

20L 

10L 

40 

15 

3,000 

150 

30 

D194859 

20 

20L 

70 

35 

20 

3.000 

150 

50 

0194860 

N 

N 

50 

30 

10 

2,000 

70 

30 

D194361 

7L 

N 

20 

25 

15 

7,000 

100 

30 

D194862 

10 

N 

20 

25 

10 

5,000 

70 

30 

D194863 

7L 

N 

20 

25 

10 

5,000 

50 

30 

D194864 

15 

30 

20 

25 

15 

2,000 

100 

30 

D194865 

7L 

N 

20 

30 

10L 

7,000 

30 

20 

D194866 

7 

30 

10 

25L 

15 

1,500 

150 

50 

D194867 

7 

20L 

15 

25 

15 

7,000 

100 

70 

D194868 

7 

N 

30 

25 

20 

10,000 

50 

100 

D194869 

10 

N 

15 

30 

15 

5,000 

30 

30 

D194870 

15 

N 

20 

35 

10 

3,000 

70 

20 

D196052 

15 

N 

20 

25L 

10L 

2,000 

20 

20 

D196053 

30 

N 

30 

25L 

10 

5,000 

70 

30 

D196054 

15 

N 

20 

25L 

20 

3,000 

70 

50 

D196055 

N 

N 

15 

35 

15 

5,000 

50 

50 

D196056 

30 

N 

50 

30 

20 

5,000 

70 

70 

D196057 

15 

20L 

30 

25 

15 

7,000 

70 

50 

D196058 

15 

30 

50 

35 

70 

10,000 

70 

100 

D196059 

15 

N 

20 

25L 

10 

1,500 

70 

30 

D196060 

15 

30 

50 

35 

30 

2,000 

150 

70 

D196061 

7 

N 

20 

25 

10 

7,000 

30 

30 

D196062 

15 

N 

15 

25 

15 

5,000 

70 

30 

Zn 
(ppm) 


II 

II 
II 
II 


Sample 
number 


2 
3 
3 
2 
3 

18 
270 
84 
64 
60 

D194858 
D194859 
D194860 
D194861 
D194862 

2 

3 

2L 

3 

3 

30 
68 
86 
62 
28 

D194863 
D194864 
D194865 
D194866 
D194867 

7 

3 

3 
B 
B 

32 
32 
62 
41 
35 

D194868 
D194869 
D194870 
D196052 
D196053 

3 
3 
5 
3 
10 

69 
53 
60 
67 
62 

D196054 
D196055 
0196056 
D196057 
D196058 

B 

7 
3 
3 

34 
135 

42 
112 

D196059 
D196060 
D196061 
D196062 

PI 

Ml 


m 
m 

m 
m 

m 

m 


Table  13 


Content  of  nine  trace  elements  In  24  lignite  samples  from  the  Sentinel  Butte  Member, 
Fort  Union  Formation,  B«ulah  Trench  Study  Area  Hercer  County,  N.  Dak. 

[Analyses  on  air-dried  (32*C)  lignite.   L,  less  than  the  value  shovn;  N,  not  detected] 


Sar.yle 

A3 

Co 

Cr 

F 

Hg 

Sb 

Se 

Th 

U 

Sample 
nur.b  e  r 

nu^ier 

(pptn) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

(PP=> 

(ppm) 

D194358 

7.0 

0.6 

7.5 

35 

0.10 

0.3 

1.0 

1.9 

1.2 

D194858 

01^4359 

11 

2.0 

N 

40 

.09 

1.0 

.8 

1.3 

1.6 

D194859 

0194860 

6.1 

3.1 

11 

75 

.07 

.4 

.9 

2.3 

1.6 

D194860 

0194361 

5.4 

.8 

4.9 

30 

.06 

.3 

.6 

1.5 

.9 

D194861 

D194db2 

7.5 

.8 

4.2 

20 

.10 

.4 

1.0 

1.5 

.8 

D194662 

5194363 

1.8 

.7 

2.2 

20L 

.08 

.1 

.4 

.8 

-I 

D194863 

d::-4;-'c. 

4.2 

1.9 

10 

30 

.19 

.5 

1.2 

2.9 

2.Q 

D194864 

D194S65 

3.4 

.6 

1.9 

20L 

.11 

•  1 

.6 

1.0 

.6 

D194865 

019486'. 

7.2 

1.9 

27 

30 

.14 

1.0 

1.7 

5.3 

2.9 

D194866 

0194S67 

3.0 

.8 

N 

20L 

.06 

.1 

.5 

1.0 

.7 

D194367 

D1948o3 

4.0 

.7 

1.2 

20L 

.05 

.1 

N 

.3 

.3 

D194868 

D194869 

5.0 

.8 

2.3 

20L 

.08 

.2 

.6 

1.4 

1.1 

D194869 

D194870 

19 

1.4 

N 

35 

.16 

•  3 

N 

.7 

.7 

D194870 

D196052 

8.9 

.6 

1.6 

20 

.14 

.2 

.5 

.3 

.9 

0196052 

019605  3 

13 

1.1 

3.8 

30 

.16 

.3 

.6 

.5 

.8 

Dl 96053 

U196054 

11 

1.1 

3.1 

20 

.07 

.4 

.3 

.5 

1.2 

D196054 

D1S6055 

1.4 

.4 

2.3 

15 

.02 

.1 

.3 

1.0 

.6 

D196055 

DI 3  6056 

7.0 

1.2 

2.5 

20 

.04 

:l 

.5 

.5 

1.4 

D196056 

D196057 

3.9 

1.1 

4.2 

15 

.06 

.7 

1.1 

1.1 

D196057 

D19605c 

15 

5.4 

3.2 

15 

•  13 

i.i 

.5 

1.5 

1.3 

D196058 

D19  6059 

14 

1.7 

8.6 

35 

.11 

.3 

.4 

.9 

1.3 

D196059 

D196060 

10 

3.1 

8.4 

35 

.09 

.4 

.8 

1.4 

2.0 

D196060 

D19  6061 

6.1 

.6 

2.2 

20 

.12 

.2 

.5 

.9 

.8 

D196061 

D 13  606  2 

4.4 

.9 

5.6 

35 

.10 

.3 

.6 

1.2 

1.1 

D196062 

II 
II 

81 


II 
II 


II 
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ii 


n 

m 


Table    14 
Sheet    1   of   2 


V  PS 

u  a. 

72 

u  eo 

•H  o 

a  u 


3   0) 
a) 

C  a) 


u  ij 


=  s 

tj  B 

c  c 
a  a 


O  l-i 

•  01 

oo  tn  w 
sou 

0013 

•  >. 

ll.HU 

a  o 

•  d  d 
m  a 
o 

Eca 
-O 

Out) 
oj 

••Ou 

a  ai  u 

<u« 

«n-i 

■h  oi 

•  3t> 

e  u 

O-lu 

-H     <U    O 

^H  U  d 


ki-H  •• 
01  CO  C 

a>  3 
o 

B  UJ= 

SO)  0) 


01  d  <o 

a^s 

di-l 
•H  01 
^-B 
B  O  01 
0I<*  rH 
3CN 

nn   ■ 

5WJ 


«l  fcl 

— 1  01 

^8 

a  3 

en  a 

c/>  a 

I  o. 

pa  a 

s 

b  a. 

<:  o. 

w 

^ 

u 

a 

01 

•H   O 

H  u 

01 

a 

w 

^ 

«j 

a 

01 

01  u 

u.  h 

01 

a 

w 

^ 

kl 

d 

01 

a 

^  b 

01 

a. 

^ 

ij 

d 

01 

co  u 

Z  K 

01 

a 

w 

^ 

u 

d 

01 

ecu 

£  u 

01 

a 

' 

^ 

d 

01 

CO  o 

a  ki 

0) 

o. 

w 

^ 

u 

d 

01 

3ti 

01 

a 

w 

^ 

u 

d 

01 

-H   O 

(/)   ki 

01 

a. 

01   k> 

rH    01 

SI 

en  a 

iAiA\O*Cn0  vOvOsO^)^ 

oocoaoooao  aooooooooo 

-.» -»  ■>*  <r  <t  >»^3-*it<T<r 

ON^ONONON  onononQNON 


ooonO<np*i 

>£)  ^D  r^  u-mj-i 
oooo  oooo 

•■T  vj  -T  sC  '-O 
ON  CT"  ON  ON  ON 


lAiA  u~>  u-i  ia  (AvOsC^O 

ooooo  oooo 

«0<£<iC^vO  v«7>£sO>£ 

ONON<OnONON  ONOxONON 


QGQQO   OQOQO   OQOQO   00000   OOOO 


O      — <-3-ui      CON^NO      OO      ON  -»OON  — •«* 

r- —  ^iinr*>      <— i^*nr-.f*"i     *»iaonooco     -HtHr-tnin     -^o^-* 


»*  vC -a- r»- oo  O  en  en 
oscMco^en  ^r«ocncy*<n 
OOOOO     o^oesio 


•tf-^-r^N  -*\cooooon  — <r-*Aoo 
Mcnnracs  *ncn— t^ro  ^onnso 
ooooo     ooooo     oooo 


w>~*  oma  *JCOCl  iA 
sorvrs-iAtn  cMONtNON  — 
oocaoo     ooo<mo 


~^<m«-*<no     innn^jfi     -*e7Mn«^ 
oo-*o»*     ooooo     -hoo  — 


ChtO 

iACO-jD— <«A        -H00MO»fl 


sr  cmon 

\Ocm- -.•*-*     cnot^osooo     ocor-f** 


arxnoo>     -«-otNoo<M     ocMoocno     oMA<r— -on     onn^ 


<M—«iA— •—« 


00-*  ON-* 


ooono  — '(m  cn-a-iA^or-  ooonO<moo  <rvAvof-co  mo— 'fJ 

iAiA*/3*0^0  \jO  ^O  v*0  *jO  \jO  vD*Ofs-lfii/l  iA»A*A»A>A  iA^O^OnO 

cooocooooo  ooooooooao  oooooooo  ooooo  oooo 

-J  ■* -*  ^  -3"  <r<T<T<r-»T  <t<T  <T^O'^  \O^Q\0\0\0  \0^jD^O^O 

ON  ON  ON  •J'  ON  0">  ON  ON  ON  ON  On  On  On  m  CT*  07s  ON  CTxCTX  CTs  0"»  CT">  O^  O^ 

ooaao  aooao  aaoaa  aaaaa  aaoa 


tt 


B 

BOO. 

x  o. 


I  B 

01  a. 
U  a. 


I  S 
eg  a. 
u  a 


=  i 


a 

u  a. 


a 
o  a 
u  o. 


s 
•o  o. 
o  a 


i  a 

4)  O. 


LA  lTi  »C  •vO  *0 
00  00  00  00  CO 

ON  cO^ONONCT* 


cooocooooo      COCOOOOO 

<r^»*ir<t-*     «* -d- -*  *o  %o 

ONC^O^O^O1*       ON  ON  ON  o*»  ON 


•**As>Dr^00  0>0-^«njj 

•TMntAiAin  ij-i  \C  -vO  vD 

OOOOO  oooo 

ONONONONON  ON  ON  0"  ON 


ooooo  ooooo  ooooo  ooooo  OOOO 


zzzzz 


zzz     zzzzz     zzz 


.         •        •    ■    ■  c 

mnNfon     pin- *m—«  -h-h 


c^j—  —■oiro 


OOu-iOO 

cMtsifncsim 


onnOO^"*      oo      ~*     r^     <noo  o^*on      enoooNr^en     so      mm 
r*oor««.r^-Nr      -^^h^onpo     cMen<r<riA      •■tf'C«J^J^\0-3■     t**o^*o 


•  z       •   * 


••Z 


*<oo— »oooo     r^oNvooNco     r^.oO"jNO<" 


-i     —  — .in     ~*<n 


hJJjJjJ^J        JJJJJ       JtJ^JJJ  JJJJ       J        pJJ 

\0--OO— I        OOONCMON       rv.O<N— <-^        ONONt^OON       P*.tN*0<'*> 

^_.t>j^-— .        HNOflO       o~*~*-*-*       ^-OO^O       ^<--<^  — 


<n     *A*n<n 


cncNf^.fntn 


i  a 

cd  a. 

P3  a. 

ooooo 
ooooo 

NMUN.O>A 

ooooo 
ooooo 

r^rsNUN.^ 

ooooo 
ooooo 
r^o/N.  r*.i/N,in 

ooooo 
ooooo 
r-.r-.moo 

OOOO 

oooo 

ooonO~^<n 

LAoAnOvO  NO 
CO  00  00  CO  CO 

ON  ON  ON  ON  ON 


cn^iAvO  r-» 

^O  vO  vO  vD  '■O 
00  00  CO  OOOO 


COONOfN**^ 
*jO  \D  r-.  iA  iA 
OOOOOOOO 

ON  ON  ON  ON  ON 


^tAvjor-ao 

lAlAiAtAiA 
OOOOO 

ON  ON  ON  ON  ON 


0>0- *CM 

iA-X1  m^>jO 
OOOO 
\jO  sD  '-£>  \C 
On  ON  ON  ON 


OOOOO   OOOOO   OOOQO   OOOOQ   oooo 


Table    14 
Sheet   2   of    2 


w  u 

<d  a 
to  a 

OOOnO— <<M 

in»T(NO^vO 

00  OOOO  OO  CO 

s»  srsysjsr 

On  Q\  On  On  on 

9A863 
94864 
94865 
94866 
94867 

94868 
94869 
94870 
96052 
96053 

96054 
L96055 
96056 
96057 
96058 

L96059 
L96060 
L96061 
L96062 

flQOQO 

QQQQQ 

QQQOQ 

QQQQQ 

oooo 

<u  a. 
vi  a 

OCOOnnOO 

<r  csi  no  r-  m 

no     m\0 

wnmNin 

•ST  CO  in  vO 

i  e 

o  a. 
to  a 

m 

m 

.J 

mm 

mmm 

m 

Is 

.0  a. 
CO  a. 

«nONtn>j 

«lTl--0-' 

-*«Mc>cMfn 

^■^m^r— . 

ctsyeMO 

o«-* 

IT 

a  a 

a.  a. 

rnr*ONO\o 

*JO>NOW 

floors  oo 

iJ 
sr-ocMinc-i 

■J 
CNicnmcsi 

NOCnsOCMCM 

CMsTCMC0<M 

•^eMsJ-fMCM 

<MencMCM<n 

sy  ■tf-CMCI 

"a 

a.  a 
a 

ooooo 
On  r»».  r^  in  no 
*o«»oo*»<r 

ooooo 

CMnOOOO 
<jCO<T-<T  ST 

ooooo 

OnCMOCOOn 

CNj*»m<»<T 

ooooo 

Cs|nOU"»<3-0 
■sTN«-*-ff 

OOOO 

<f^r«-m 

to.~ 
t  s 
■n  a 
z  o. 

■J 
m 

-*r-*OeMCM 

m 
cMmeMcn-^ 

m 
cm -4  cm  cm  ft 

m 
cm— «ocnm 

cnr-»cMCM 

to*-* 

1   S 

X,  a. 
z  a. 

.JJZZSS 
cncN 

z     ;z     »J 

r-      OfM 

Z22ZZ 

ZZZJ 

<Mcn 

z     zz 
<n 

to^ 
i  e 

a  o. 
£  a. 

-HCM              —• 

r*.     r-*     r-. 
cn     cni 

m     mm 

tn          mm 
•  z       .   • 

CMCM       CM 

"5 

OOOO-t 

NO-^mmcM 

INNOONOO 

co  r- c"»r«.  so 

cmnocionst 

ONNHpn 

en  oo  r*»  m  — * 

oo^-« 
no— »vop*. 

-HCM 

"b 

•h  a 

Oft-tf  cnjo 

r-j  —  >o       O 

ONr-.fOr«.rsi 

CNOOr-<TON 

OOC^iON 

vO^msrvr 

CMnO  — «-*  •*» 

-irj-r-j 

<-«eM      cicm 

mctcifn 

11 

en  a  \ 

QOOnO-^<N 

ul  i^  \fi  O  -D 
00  00  CO  CO  CO 

<r  <r  st  st  <r 

ON  On  On  0»  On 

ckti/NjnO  r^ 

nO  nO  nOnO  nO 
CO  CO  CO  CO  CO 
<T<T  <t<t  vT 
o>  ON  O  ^^  On 

cOoNO<Nn 

OOOO  oooo 
sf  <t  <T  nO  nO 
o>  ON  O*  On  ON 

inminmin 

QOOOO 
On  On  On  On  On 

>n  so  nOno 

OOOQ 
nO  sO  nOnO 
Ov^  OnO^ 

oaaao 

ooaa  a 

qoooq 

oaoaa 

aaaa 

01  u 

§-§ 

B  3 

co— . 
1    B 

ki  a 
N  a 

B 
c  a 
N  a 


to^. 
I  B 

j=  a. 
>«  a 


to  a 
i  a 

sh  a 


co  B 
I  a 
>  a 


s 
s  a. 

a. 


B 
H  a 


1 

B 

u 

u. 

to 

a. 

1) 

u 

0) 

a. 

9 

-8 
i 

'  COOO-HCM 

mmsONONO 

00  CO  oooo  CO 
sjsro-sj  <J 

On  on  On  On  On 

\0  ^O  \D  *^  vC 

aocococoao 

CT"  CT>  O^  O^  C7^ 

94868 
94869 
94870 
96052 
96053 

96054 
96055 
96056 
96057 
96058 

96059 
96060 
96061 
96062 

QQQQP 

OOOOO 

ooooa 

ooooa 

oaoo 

ooomo 

r4— <c-J  —  — . 

mooom 

trt*nr-»oo 

OOu-lO 
CMC*-*  CM 

oo         men 

C^       00       nO 

-*©-*»rto\ 

^vO-*oor^ 

r-      cm 

CNioNr-oNONO 

csicnr-oeNi 

cm  ft  r^  *r  c-t 

>O^T^»vOiA 

mf^-»-» 

r>r>r%.cNjfn 

o 

■J 

CNir*»eNi     <n 

»n«n«n 

<n<M<*i*n 

c-trl 
09        •    • 

mmr*.mfn 

mr-»CNimr** 

NrtNNin 

irnrnnino 

irtOC"»c» 

Ommor*. 

moenoo 
cm     m«H 

rwNNr* 

r-iAi/ir^r*» 

aono 

—  CM         "M 

CnInOnOOnCO 

r»*ONOONrs. 

C^«— '  P^-  (^  00 

rg^^j— r-i 

cnOQO— « 

CNI        CM 

^HCM       -^ 

ONCieninm 

0000(^0 

ci  •&  r~  CO  m 

ir»0*A«-tm 

o»^o>cm 

— <  — .  r-j  -h  — t 

{Ni_4(n«-4 

ooooo 
ooooo 
mcomrs-in 

ooooo 
ooooo 

QOOOO 
OOOOO 

MnriNm 

ooooo 
ooooo 

piinpiso 

OOOO 

oooo 
CMCMf^r- 

94858 
94859 
94860 
94861 
94862 

94863 
94864 
194865 
94866 
94867 

94868 
94869 
J48  70 
96052 
96053 

96054 
96055 
96056 
96057 
96058 

96059 
96060 
96061 
96062 

aaaaa 

oaoaa 

aoaao 

ooaao 

aooo 

II 
II 
II 

n 


m 

* 

I* 


Table  15 


Tab le  15. — Elements  looked  for  but  not  detected  In  lignite  samples  from 

the  Sentinel  Butte  Member.  Fort  Union  Formation,,  Beulah  Trench  Study 
Area,  Mercer  County,  N.  Dak. 

[Approximate  lower  detection  limits  in  lignite  ash,  as  determined  by 
the  six-step  spectrographic  method  of  the  U.  S.  Geological  Survey, 

are  included  for  all  elements] 

Lower  limit  of  detection  (ppm) 

Element  name  Symbol  in  coal  ash 

Silver  Ag  1 

Gold  Au  50 

Bismuth  Bi  20 

Cerium  Ce  500 

Dysprosium  Dy  100 

Erbium  Er  100 

Europium  Eu  200 

Gadolinium  Gd  100 

Hafnium  Hf  200 

Holmium  Ho  50 

Indium  In  20 

Lanthanum  La  100 

Lutetium  Lu  70 

Neodymium  Nd  150 

Palladium  Pd  5 

Praseodymium  Pr  200 

Platinum  Pt  100 

Rhenium  Re  100 

Samarium  Sm  200 

Tin  Sn  20 

Tantalum  Ta  1,000 

Terbium  Tb  700 

Tellerium  Te  5,000 

Thallium  Tl  100 

Thulium  Tm  50 

Tungsten  W  200 
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M 
■I 
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Table  16 


Table  16  —Arithmetic  mean,  observed  range,  geometric  mean,  and  geometric  deviation  of 
proximate  and  ultimate  analyses,  heat  of  combustion,  forms  of  sulfur,  and  ash-fusion 
temperatures  of  24  lignite  samples  from  the  Sentinel  Butte  Member,  Fort  Union 
Formation,  Beulah  Trench  Study  Area  Mercer  County,  N.  Dak. 

[All  values  are  in  percent  except  Kcal/kg,  Btu/lb  and  ash-fusion  temperatures  and 
are  reported  on  the  as-received  basis.   *C  -  (*F-32)5/9;  Kcal/kg  =  0.556(Btu/lb) . 
L,  less  than  value  shown.  Leaders  ( )  indicate  no  data.   For  comparison, 

geometric  means  for  32  other  Fort  Union  region  lignite  samples,  Montana  and  North 
akota  (Swanson  and  others,  19  74,  table  8)  are  included] 


Arithmetic 
mean 

* 

Obs  erve 

d   range 

Geometric 
mean 

Geometric 
deviation 

Fort   Union 
region 

geometric 
mean 

[inimum 

Maximum 

Proximate  and 

ultimate   ana 

lyses 

Moisture 

35.9 

27.6 

40.3 

35.7 

1.1 

34.9 

Volatile 
matter 

26.4 

24.9 

29.7 

26.4 

1.0 

27.4 

Fixed 
carbon 

29.3 

27.0 

33.7 

29.3 

1.1 

30.1 

Ash 

8.4 

4.4 

19.4 

7.8 

1.5 

6.4 

Hydrogen 

6.7 

5.3 

7.3 

6.7 

1.1 

6.7 

Carbon 

40.0 

36.6 

43.8 

40.0 

1.0 

40.7 

Nitrogen 

.6 

.5 

.9 

.6 

1.1 

.6 

Oxygen 

43.4 

32.2 

46.9 

43.2 

1.1 

43.9 

Sulfur 

.9 

.3 

1.9 

.8 

1.6 

.6 

Heat  of 

:   combustion 

Kcal/kg 

3, 

690 

3, 

,430 

3,970 

3, 

,690 

1.0 

3,770 

Btu/lb 

6, 

,640 

6, 

,160 

7,140 

6: 

,640 

1.0 

6,780 

Forms 

of   sulfur 

Sulfate 

0.06 

0.01L 

0.19 

0.04 

2.8 

0.02 

Pyritic 

.31 

.03 

.74 

.23 

2.2 

.13 

Organic 

.59 

.27 

1.38 

.53 

1.6 

.36 

Ash- 

-fusion  t 

:emperatures , 

,      °l 

Initial 

deformation 

2. 

,115 

1 

,980 

2,455 

2 

,110 

1.1 

___ 

Softening 
temperature 

2, 

,190 

2 

,030 

2,555 

2 

,185 

1.1 



Fluid 

temperature 

2, 

,275 

2 

,080 

2,655 

2 

,270 

1.1 
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M 

■I 
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m 


"■ 


Table  17 


Table  17  —Arithmetic  mean,  observed  range,  geometric  mean  and  geometric  deviation  of  ash 
content  and  contents  of  nine  major  and  minor  oxides  in  the  laboratory  ash  of  24 
lignite  samples  from  the  Sentinel  Butte  Member,  Fort  Union  Formation,  Beulah  Trench 
Study  Area.  .Mercer  County,  N.  Dak. 

[All  samples  were  ashed  at  525 *C;  all  values  except  geometric  deviation  are  in  percent. 
For  comparison,  geometric  means  of  80  other  Fort  Union  region  lignite  samples, 
Montana  and  North  Dakota  (Hatch  and  Swanson,  19  77,  table  5a)  are  included j 


Arithmetic 
mean 

Observed 

range 

Geometric 
mean 

Geometric 
deviation 

Fort  Union  region 
geometric  mean 

Oxide 

Minimum 

Maximum 

(Ash) 

12.1 

6.6 

32.1 

11.4 

1.4 

9.0 

Si02 

28 

6.6 

69 

25 

1.7 

13 

A1203 

8.7 

5.1 

12 

8.4 

1.3 

8.6 

CaO 

15 

3.6 

26 

14 

1.5 

22 

MgO 

5.6 

1.93 

8.40 

5.22 

1.4 

7.01 

Na20 

5.3 

.510 

13.4 

3.22 

2.7 

1.43 

K20 

.66 

.20 

1.6 

.58 

1.7 

.059 

Fe^^ 

8.2 

2.4 

18 

7.2 

1.7 

5.0 

Ti02 

.70 

.40 

1.5 

.66 

1.4 

.49 

SO  3 

24 

6.8 

37 

22 

1.5 

19 

M 
II 

m 
11 


11 


ii 


ii 


* 


Ash  and  sulfur  contents  of  U.S.  coals  on  an  as-received  basis: 


Number 
or 

Ash, 

percent 

Sulfur, 
Range 

0.2-7.7 

percent 

Samples 
642 

Range 
2.5-32.6 

Average 
8.9 

Average 
1.9 

The  ash  and  sulfur  content  of  the  24  lignite  samples  from  the  Beulah  Trench 
Study  Area,  as  received,  are  ash  range,  4.4-19.4  percent;  average,  8.5  percent; 
sulfur  range,  0.3-1.9  percent;  average,  0.93  percent. 


M 


PI 


PI 


PI 


PI 

PI 

3 


Table  18 


Table  18. — Arithmetic  mean,  observed  range,  geometric  mean,  and  geometric  deviation  of  34 
elements  In  24  lignite  samples  from  the  Sentinel  Butte  Member,  Fort  Union  Formation, 
Beulah  Trench  Study  Area  t   Mercer  County,  N.  Dak. 

[All  analyses  are  in  percent  or  parts  per  million  and  are  reported  on  a  whole-lignite 
basis.   As,  Co,  Cr,  F,  Hg,  Sb ,  Se,  Tn,  and  U  values  used  to  calculate  statistics 
were  determined  directly  on  whole  lignite.   All  other  values  used  were  calculated 
from  determinations  made  on  lignite  ash.   L,  less  than  value  shown.   For  comparison, 

geometric  means  for  80  other  Fort  Union  region  lignite  samples,  Montana  and  North 
akota  (Hatch  and  Swanson,  19  77,  table  5b)  are  included] 


Element 


Arithmetic 
mean 


Observed  range 


Minimum 


Maximum 


Geometric 
mean 


Geometric 
deviation 


Fort  Union  region 
geometric  mean 


Percent 


Si 

1.9 

0.20 

10 

1.3 

2.3 

Al 

.58 

.19 

1.9 

.51 

1.7 

Ca 

1.2 

.82 

1.8 

1.1 

1.2 

Mg 

.36 

.28 

.54 

.36 

1.2 

Na 

.43 

.044 

.71 

.27 

2.7 

K 

.075 

.015 

.29 

.055 

2.2 

Fe 

.67 

.22 

2.0 

.57 

1.8 

Ti 

.055 

.018 

.29 

.045 

1.9 

0.55 
.41 

1.4 
.38 
.095 
.006 
.32 
.028 


Parts  per  million 


As 

7.9 

1.4 

19 

6.3 

2.0 

B 

100 

70 

150 

100 

1.3 

Ba 

700 

200 

1,000 

700 

1.5 

Be 

.5 

.2 

1.5 

.3 

2.3 

Co 

1.3 

.4 

5.4 

1.1 

1.8 

Cr 

5.1 

1.2 

27 

3.1 

2.7 

Cu 

6.4 

2.3 

19 

5.7 

1.6 

F 

28 

15 

80 

23 

1.8 

Ga 

3 

.7 

15 

2 

2.0 

He 

.10 

.02 

.19 

.09 

1.7 

Li 

3.5 

•  7L 

14 

2.8 

1.9 

Mn 

91 

11 

210 

71 

2.0 

Mo 

1.5 

.5 

3 

1 

2.1 

Ni 

3 

1.5L 

10 

3 

1.7 

Pb 

2.9 

1.7 

6.3 

2.6 

1.6 

Sb 

.4 

.1 

1.1 

.3 

2.0 

Sc 

2 

1L 

7 

1.5 

1.7 

Se 

.7 

.3 

1.7 

.6 

1.6 

Sr 

500 

200 

1,000 

500 

1.6 

Th 

1.3 

.3 

5.3 

1.1 

1.9 

U 

1.2 

.3 

2.9 

1.0 

1.6 

V 

10 

2 

50 

7 

2.1 

Y 

5 

2 

15 

5 

1.7 

Yb 

.5 

.2L 

1 

.3 

1.8 

Zn 

8.1 

2.1 

29 

6.4 

2.0 

Zr 

15 

5 

70 

15 

1.8 

4 
100 
300 
.15 
1.5 
1.5 
3.8 
26 
1.5 

.09 
2.4 
29 
1 

1.5 
3.8 
.2 
1.5 
.6 
500 
2.4 
.6 
3 
3 

.2 
2.3 
10 


w 
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Explanation  of  statistical  terms  used  in  summary  tables 

In  this  report  the  geometric  mean  (GM)  is  used  as  the  estimate  of  the 
most  probable  concentration  (mode) .   The  GM  is  calculated  by  taking  the 
logarithm  of  each  analytical  value,  summing  the  logarithms,  dividing  the 
sum  by  the  total  number  of  values,  and  obtaining  the  antilogarithm  of  the 
result.   The  measure  of  scatter  about  the  mode  used  here  is  the  geometric 
deviation  (GD) ,  which  is  the  antilog  of  the  standard  deviation  of  the 
logarithms  of  the  analytical  values.   These  statistics  are  used  because 
the  quantities  of  trace  elements  in  natural  materials  commonly  exhibit 
positively  skewed  frequency  distributions;  such  distributions  are  normal- 
ized by  statistically  analyzing  and  summarizing  trace-element  data  on  a 
logarithmic  basis. 

If  the  frequency  distributions  are  lognormal,  the  GM  is  the  best  estimate 
of  the  mode,  and  the  estimated  range  of  the  central  two- thirds  of  the 
observed  distribution  has  a  lower  limit  equal  to  GM/GD  and  an  upper  limit 
equal  to  GM-GD.   The  estimated  range  of  the  central  95„percent  of  the 
observed  distribution  has  a  lower  limit  equal  to  GM/GD  and  an  upper  limit 
equal  to  GM-GD   (Connor  and  others,  1976). 

Although  the  geometric  mean  is,  in  general,  an  adequate  estimate  of  the 
most  common  analytical  value,  it  is,  nevertheless,  a  biased  estimate  of  the 
arithmetic  mean.   The  estimates  of  the  arithmetic  means  listed  in  the 
summary  tables  are  Sichel's  J:  statistic  (Miesch,  1967). 

A  common  problem  in  statistical  summaries  of  trace-element  data  arises  when 
the  element  content  of  one  or  more  samples  is  below  the  limit  of  analytical 
detection.   This  results  in  a  "censored"  distribution.   Procedures  developed 
by  Cohen  (1959)  are  used  to  compute  unbiased  estimates  of  the  GM,  GD,  and 
arithmetic  mean  when  the  data  are  censored. 

Discussion 

The  apparent  ranks  for  the  24  samples  from  the  Beulah  Trench  Study  Area 
were  calculated  using  the  data  in  Table  9  and  the  formulae  in  ASTM  desig- 
nation D-388-77  (American  Society  for  Testing  and  Materials,  1978).   The 
heat  of  combustion  (moist,  mineral-matter-free  basis)  for  all  24  samples 
from  the  Beulah  Trench  Study  Area  ranges  from  3,890  Kcal/kg  (6,990  Btu/lb) 
to  4,360  Kcal/kg  (7,840  Btu/lb)  with  an  arithmetic  mean  of  4,080  Kcal/kg 
(7,330  Btu/lb).   The  apparent  rank  for  all  samples  is  lignite  A. 

A  statistical  comparison  (student's  J:-test  or  approximate  ^-test,  95  percent 
confidence)  of  geometric  means  for  the  U.S.  Department  of  Energy  data  for 
the  24  Beulah  Trench  area  lignite  samples  with  32  other  Fort  Union  region 
lignite  samples  (Swanson  and  others,  1974)  shows  that  the  Beulah  Trench 
area  lignite  has  significantly  higher  contents  of  sulfate  and  organic 
sulfur.   Contents  of  moisture,  volatile  matter,  fixed  carbon,  ash, 
hydrogen,  carbon,  nitrogen,  oxygen,  total  sulfur,  pyritic  sulfur,  and  heat 
of  combustion  are  not  significantly  different. 


M 


A  statistical  comparison  of  geometric  means  for  lignite  ash  and  9  major 
and  minor  oxides  in  ash  for  the  24  Beulah  Trench  area  lignite  samples  with 
data  for  80  other  samples  of  Fort  Union  region  lignite  (Hatch  and  Swanson, 
1977)  shows  that  Beulah  Trench  area  lignite  has  a  significantly  higher  ash 
content,  significantly  higher  SiO_,  Na  0,  K_0,  FeJD-,  and  Ti02,  and  signif- 
icantly lower  CaO  and  MgO  content  in  ash.   Contents  of  A1»0„  and  SO  in  ash 
are  not  significantly  different.   When  compared  at  the  99  percent  confidence 
level,  the  Fe„0„  contents  in  ash  are  not  significantly  different. 

A  statistical  comparison  of  geometric  means  for  the  contents  for  32 
different  elements  in  Beulah  Trench  area  lignite  (whole- lignite  basis)  with 
data  for  80  other  samples  of  Fort  Union  region  lignite  shows  that  the 
Beulah  Trench  area  lignite  has  significantly  higher  contents  of  Si,  Na,  K, 
Fe,  Ti,  As,  Ba,  Be,  Cr,  Cu,  Ga,  Mn,  Ni,  U,  Zn,  and  Zr,  and  significantly 
lower  contents  of  Ca,  Pb,  and  Th.   The  contents  of  Al,  Mg,  B,  Co,  F,  Hg, 
Li,  Mo,  Sb,  Sc,  Se,  and  Sr  are  not  significantly  different.   When  compared 
at  the  99  percent  confidence  level,  the  contents  of  As,  Ga,  and  Zr  are  not 
significantly  different. 

Differences  in  the  oxide  composition  of  lignite  ash  and  the  element  contents 
in  lignite  result  from  differences  in  the  total  and  relative  amounts  of  the 
various  inorganic  minerals,  the  elemental  composition  of  these  minerals,  and 
the  total  and  relative  amounts  of  any  organically  bound  elements.   The 
chemical  form  and  distribution  of  a  given  element  are  dependent  on  the  geologic 
history  of  the  lignite  bed.   A  partial  listing  of  the  geologic  factors  that 
influence  element  distribution  includes  chemical  composition  of  original  plants; 
amounts  and  compositions  of  various  detrital,  diagenetic,  and  epigenetic 
minerals;  temperatures  and  pressures  during  burial;  and  extent  of  weathering. 
No  evaluation  of  these  factors  has  been  made  for  any  of  the  lignite  beds  in 
the  Beulah  Trench  Study  Area. 

Compared  to  other  U.S.  lignite  (Swanson  and  others,  1976;  Hatch  and  Swanson, 
1977) ,  lignite  of  the  Fort  Union  region  is  characterized  by  relatively  low 
ash,  low  sulfur,  low  heat  of  combustion,  and  high  moisture  content.   The 
contents  of  such  elements  as  As,  Be,  Hg,  Mo,  Sb,  and  Se  are  low  in  Fort  Union 
lignite  when  compared  to  most  other  U.S.  lignite. 
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APPENDIX  E 
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R1NGLINC  SERIES 


The  Ringling  series  is  a  member  of  the  fragmental,  nixed  family  of  Typic  llaplcborolls.   Typically, 
Ringling  .-.oils  have  reddish  brawn  channery  loam  <\1  horizons,  and  reddish  brown  very  channery 
loam  C  horizons  with  rhe  vuluno  of  rock  fragments  increasing,  with  increasing  depth  from  J5  to 
80  percent  and  grading  to  .loose  porcelianite  or  burneJ  shale  and  sandstone  bedrock  at  a  depth 
of  about  13  incites. 

Typifying  re don:   Ringling  channery  loam  -  native  sod  cover 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

Al     0-3" — Reddish  brown  (5YR  4/4)  channery  loam,  dark  reddish  brown  (5YR  3/3)  moist;  weak 

fine  crumb  structure;  soft,  very  friable,  nonsticky,  nonplastic;  many  very  fire  roots; 
many  very  fine  interstitial  pores;  30  percent  thin  hard  burned  shale  fragments;  neutral; 
clear  wavy  boundary.   (3  to  8  inches  thick) 

CI     3-13" — Reddish  brown  (5YR  5/3)  very  channery  loan,  dark  reddish  brown  (5YR  3/3)  moist; 
massive;  soft,  very  friable,  nonsLicky,  nonplastic;  many  very  fine  roots;  35  percent 
increasing  with  increasing  depth  to  80  percent  flat  fragments  of  hard  baked  shale; 
neutral;  abrupt  boundary.   (0  to  15  inches  thick) 

C2     13-60" — Hard  platy  red  baked  shale  coated  witli  lime  and  having  pendants  of  lime  on  undersides; 
soil  from  CI  horizon  partly  fills  the  voids  between  rock  fragments  in  the  upper  part. 

Type  Location:   Big  Horn  County,  Montana;  525  feet  SE  of  center  sec.  17,  T.5S. ,  R.38E. 

Range  in  Characteristics :   Depth  to  fractured  bedrock  ranges  from  5  to  20  inches.   Rock  fragments 
range  from  30  percent  in  the  Al  horizon  to  as  much  as  80  percent  in  the  lower  CI  horizon.   Lime 
coating  occurs  on  rock  fragments  in  places  but  the  loam  matrix  is  noncalcareous .   The  underlying 
shale  is  noncalcareous  in  some  pedons.   The  Al  horizon  has  hue  of  7.5YR  through  10R,  value  of 
4  or  5  cry,  and  chroma  of  2  or  3  moist.   Mean  annual  soil  temperature  ranges  from  44°  to  47°F. 
Average  summer  soil  temperature  ranges  from  60°  to  64CF. 

Competing  Serifs  and  their  Differentiae:   These  are  the  Castner,  Cathedral,  Comodore,  Maginnis, 
and  Wibaux  soils.   All  of  those  soils  exedpt  Wibaux  have  a  lithic  contact  at  depths  of  20  inches 
or  less.   Also,  Castner  soils  have  a  Cca  horizon  and  Maginnis  soils  have  2.5Y  or  10YR  hue  and 
have  clay  texture.   Wibaux  soils  lack  mollic  epipedons,  are  usually  dry,  and  have  mean  annual 
soil  temperature  of  about  47"*. 

Setting:   Ringling  soils  are  on  strongly  rolling  or  steeply  sloping  uplands.   They  formed  in       - 
residuum  weathered  from  hard  red  baked  shale  or  porcellanite  rocks  in  areas  having  13  to  16  inches 
mean  annual  precipitation  with  mean  annual  soil  temperature  ranging  from  44°  to  46°F.  and  mean 
summer  soil  temperature  higher  than  b0°F. 

Principal  Associated  Soils:   These  are  the  Barvon,  Bitterroot,  D3nvers,  and  Judith  soils.   Barvon 
and  Bic tc-rroot  soils  have  mollic  epipedor.s  and  paralithic  contacts.   Danvers  and  Judith  soils 
are  very  deep  soils  en  old  alluvial  deposits. 

Drainage  and  Permeability:   Well-drained;  rapid  permeability. 

Use  and  Vegetation:   Ringling  soils  a'-e  used  entirely  for  range.   Native  vegetation  is  bluebunch 
vheatgrast- ,  Idaho  fescu? .  Sandberg  bluegrass,  and  annuals  with  scattered  to  dense  stands  of  western 
yellow  pine. 

Distribution  and  Extent:   Ringling  soils  are  widely  distributed  on  the  higher  elevations  of  the 
residual  shale  plains  in  southeastern  Montana.   They  are  moderately  extensive. 

Series  Established:   Reconnaissance  Soil  Survey  of  Central  Montana,  1946. 

Remarks:   The  Ringling  soils  were  formerly  classified  as  Lithosols. 

National  Cooperative  Soil  Survey 
U.  S.  A. 
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CABBA    SERIES 


The   Cabba    series   consists   of    well    drained    soils    that    formed    in   material    veathered    from    soft    sedimentary 
rock   and   have    sedimentary   beds   at    depths   of   8    to   20    inches.      Cabba    soils    are   on   uplands   and    are   moderately 
sloping   to  very    steep.      The   mean    annual    precipitation   is   about    14    inches    and    the   mean   annual    air 
temperature   is   about    45*F. 

Taxonomic   Class:      Loamy,    mixed    (calcareous),    frigid,    shallow  Typic    Ustorthents. 

Typical    Pedon:      Cabba   cobbly  clay   loam,    native   grassland.      (Colors    are    for   dry    soil    unless   otherwise 
noted75 

A1--0   to  2    inches;    grayish   brown   ( 2 .  5Y    5/2)   cobbly  clay    loam,    grayish   brown    (2.5Y   4/2)   moist; 
moderate    fine  crumb    structure;    slightly   hard,    friable,    slightly   sticky    and    slightly    plastic;    many    fine 
roots   and    pores;     15    to    20    percent    cobbles,    gravel    and    stones;    neutral    (pH    7.3);    gradual    wavy   boundary.      (2 
to   5    inches   thick) 

AC--2    to   7    inches;    grayish   brown   (2.5Y    5/2)    gravelly    light   clay   loam,    dark    grayish  brown   ( 2 . 5Y   4/2) 
moist;    moderate   very    fine    subangular    blocky    structure;    slightly  hard,    friable,    slightly    sticky   and 
slightly  plastic;    20    percent    pebbles;    many    fine   roots   and    pores;    neutral    ( pH   7.3);    gradual    vavy  boundary. 
(2    to   10    inches   thick) 

CI  —  7    to    18    inches;    very    pale  brown    (10YR   7/2)    gravelly   loam,    grayish   brown    (10YR   5/2)    moist; 
rr.assive;    evidence    of   rock    structure    in    small     fragments   of    weakly  consolidated    siltstone;    slightly   hard, 
friable,    ncnsticky   and    slightly   plastic;    many    fine   roots   and    pores;    20    percent    pebbles;    slightly 
effervescent;    coatings    of    lime   on    soft    rock    fragments;    clear    wavy  boundary.      (6    to   15    inches    thick) 

C2--18    to   60    inches;    light   gray   (10YR   7/2)    soft    sedimentary  bedrock,    grayish   brown    (10YR   5/2)    moist; 
can   be    chijped    out    only    with   a    sharp    instrument    when   dry    but    softens    quickly    on    soaking    in    water,    and 
beeches   material     that     rubs    to    a    loam    texture;    roots    in    cracks    and    some    roots    through    plates;    massive    rock; 
mildly    alksline    ( pH    7.6.) 

Type   Location:      Granite    County,    Montana;    1000    feet    north   and    1500   feet    east    of    the    southwest    corner   of 
IicTT3n_35T~5.10N.,    R.12V. 

range  in  CI"*:  sc  I  er  i  st  i  c  s :  Depth  to  sedimentary  beds  is  8  to  20  inches.  Mean  annual  soil  temperature 
ranges"  Irons  45°  to~4  7*F7  The  hue  is  10YR  or  2 .  5Y .  Rock  fragments  range  from  0  to  35  percent  and  are 
mainly  of   giavel    size. 

The   A  horizon  has   hue    of    10YR  or   2.5Y,   value    of    5    or   6    dry,    3   or   4   moist,    and   chroma   of    1    or   2.      It    ranges 
from    fine    sandy   loam   through    silt    loam. 

The   C  horizon  has   hue    of    10YR    through    5Y ,    value    of    5    through   8   dry,   4    through    7   moist,    and   chroma   of    1 
through   3.      It    is    loam,    silt    loam,    silty   clay   loam   or   light    clay   loam   and   has    20    to  35    percent   clay.      The 
underlying    sedimentary   beds    rub    to    6ilt    loam   or   lcam.      This   horizon   is  mildly   or   moderately   alkaline. 

Cortpe t ing' Series:       These    are   the   Abac    and   Cohagen    series    in    the    same    family    and    the    related   Cabbart,    Kuro, 
Midway   and    U'aycen    series.      Abac    soils   have    hue    of    5YR  or    redder.      Cabbart    soils   have    an    aridic    moisture 
regime    that    borders   on    an    ustic    regime.      Cohagen    soils   have    sandy  loam   C   horizons.      Kuro    soils   contain  36 
to  45   percent    clay.      Midway   soils   have    soil    temperature   wanner    than  47°F.      Vayden    soils   have    36    to   50 
percent    cloy. 

Geographic    Setting:       Cabba    soils    are  moderately    sloping    to   very   steep    and    are    on   uplands    at    elevations   of 
2000    to  4S0L)    feet.      They    formed    in  material    weathered    from   12   tc   19    inches    with    areas    receiving    less    than 
14    inches   having    cooler    temperatures    and    lower    evaporation.      Most    of    the    prec i pi t alion    falls    in    the    rpring 
and    early    summer.      Mean    annual    temperature   ranges    from  41*    to  45"F.      The    (32*F.)    growing    season    is   90    to 
135    days. 

Geographic  all*  'Associated    Soils:      These    are    the    Barvon,    C.impspiss ,   F*arland,    Judith,    Ringling,    Shane   and 
Thebo    soils.       rjrvon    f.o  l !  s    have    a   mollic    epipedon    snd    are    20    to  40   inches    deep    to    siltstone.       Campsp2ss 
and    Farlfirid    snil.s    have    argillic    horizons.       Judith    soils    have    a  calcareous    horizon    immediately   beneath   the 
inol  1  ic    epip?don.       Tingling    soils    are    frtgmcntal.       Shane    soil6  contain   more    than    60    percent    clay.       Thebo 
soils   contain  more    than    35    percent    clay. 

Dr  aina.ee  '  an'    F  orr.f  «b  ill  t  y  :      Veil    drained;    moderate    permeability. 

Tse    And   Vegetation:       Vsed    for    rtr.gelsnd.       Native    plants    ore   bluebunch    vhcatgrass,    little   bluestea, 
neeoTcanJl  lire  jd" ,    western    wheatgrast,    green    needl egi ars ,    annual,    and   low-density    stands    of    ponderosa    pine. 
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Cahba   Series 

Distribution  and  Extent:      Widely   distributed    in   Montana.      Cabba    soils   are   of  moderate   extent. 

Series   Established:      Granite    County,    Montana,    1969. 

Remarks:      The    nature  of    the    sedimentary   beds    is   currently   under    study.      The   classification   of    the    series 
■ay  need    to  be  changed   if   these    soils    lack  a   paralithic   contact    at    shallow  depth. 
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AMOR  SERIES 


The  Amor  series  consists  of  well  drained,  moderately  permeable  soils  thai  are  moderately  deep 
to  soft  sandstone  bedrock.   They  formed  in  materia!  weathered  from  stratified  soit  sandstone, 
siltstone  and  loamy  shales.   These  soils  are  on  uplands  and  have  slopes  of  1  to  25  percent.   Meat, 
annual  temperature  is  42  F  and  mean  annual  precipitation  is  15  inches. 

Taonomic  Class:  Fi ne- loamy ,  mixed  Typic  Hap] oborolls . 

Typical  Pedon:  Amor  loam  -  on  a  3  percent  south  facing  plane  slope  in  a  cultivated  field.  When 
described  the  soil  was  moist  below  8  inches.   (Colors  are  for  dry  soil  unless  otnerwise  stated.) 

Ap--C  to  8  inches;  dark  giayish  brown  (10YR  4/2)  loam;  very  dark  grayish  brown  (10YR  3/2) 
moist;  weak  medium  subangular  blocky  structure  parting  to  weak  medium  and  fine  granular;  slightly 
hard,  friable,  slightly  sticky  and  nonplastic;  many  roots  and  pores;  neuti.il;  abrupt  smooth 
boundary.  (5  to  9  inches  thick) 

B2  —  8  to  13  inches;  brown  (10YR  5/3)  loam;  dark  lirown  (10YR  3/3)  moist;  a  few  stains  of  dark 

.•grayish  brown  (10YR  4/2)  on  faies  of  peds ;  weak  coarse  prismatic  structure  parting  to  weak  coarse 

and  medium  sul>3ngular  blocky;  hard,  friable,  slightly  sticky  and  slightly  plastic;  common  roots; 
many  fine  pores;  neutral:  gradual  wavy  boundary  (4  to  15  inches  thick) 

B3--13  to  19  inches;  light  brownish  gray  (2.5V  6/2)  loan*;  dark  grayish  brown  (2.5Y  4/2)  moist; 
weak  coarse  prismatic  structure  parting  to  weak  medium  subangular  blocky;  hard,  friable,  slightly 
,tiiky  and  slightly  plastic;  common  fine  roots;  common  fine  pores;  slight  effervescence;  mildly 
ilkaJine;  gradual  wavy  boundary.   (0  to  12  inches  thick) 

Clca--i9  to  31  inches;  light  gray  (2.5Y  7/2)  loam;  grayish  brown  (2.5Y  5/2)  moist;  weak  medium 
subangular  blocky  structure;  slightly  hard,  friable,  slightly  sticky  and  nonplastic;  few  fine 
roots;  common  fine  pores;  few  masses  of  segregated  lime;  violent  effervescence;  moderately 
alkaline;  gradual  wa«y  boundary.   (0  to  16  inches  thick) 

C2r--31  to  60  inches;  pale  yellow  and  light  gray  (2.5Y  7/3  and  5Y  7/2)  stratified  soft  fine 
grained  sandstone  and  siltstone;  light  olive  gray  and  light  olive  brown  (5Y  6/2  and  2.5Y  5/3)  moist; 
slight  effervescence;  moderately  alkaline. 

Type  Location:  Bowman  County,  North  Dakota,  6-1/2  miles  west  and  1  mile  north  of  Bowman;  340 
feet  west  and  180  feet  north  of  southeast  corner  of  southwest  quarter  Sec.  2,  T.  131  N.  ,  R.  103  W. 

Range  in  Characteristics:   Depth  to  soft  sandstone  typically  is  30  to  40  inches  but  ranges  ■ 
from  20  to  40  inches.  Depth  to  free  carbonates  ranges  from  10  to  35  inches.  The  10-  to  40-inch 
control  section  averages  between  15  and  40  percent  line  sand  and  coarser. 

The  A  horizon  has  hue  of  10YR,  value  of  3  through  5  and  2  or  3  moist,  and  chroma  of  2  or  3.  It 
is  loam,  silt  loam  or  light  clay  loam.  Some  pedons  contain  up  to  15  percent  rock  fragments.  It  is 
slightly  acid  or  neutral. 


The  B2  horizon  has  hue  of  10YR  or  2.5Y,  value  of  4  through  6  and  3  through  5  moist,  and  chroma 
of  2  or  3T  It  Is  sandy  clay  loam,  fine  sandy  loam,  loam  or  clay  loam.   It  has  weak  or  moderate 
prismatic  structure.   It  is  neutral  to  moderately  alkaline. 

The  B3  horizon  has  hue  of  10YR  or  2 . 5Y ,  value  of  5  through  7  and  3  through  6  moist,  and  chroma 
of  2  through  4.   It  is  fine  sandy  loam,  loam  or  clay  loam.   It  ranges  from  slight  to  strong 
effervescence.   It  is  neutral  to  moderately  alkaline. 

Thf>  Cca  horizon  has  hoc  of  2 . 5Y ,  value  of  6  or  7  through  6  moist  and  chroma  of  2  through 
4.   It  is  loam,  silt  loam,  or  light  clay  loam.   Lime  is   both  diffused  and  in  soft  accumulations. 
It  contains  from  6  to  30  percent  calcium  carbonate  equivalent. 

The  underlying  beds  are  stratified  soft  fine  grained  sandstone,  siltstone  and  shale.   Some 
pedons  have  lime  accumulations  below  the  top  of  the  bedrock. 
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Coaipet  iug  Series :   These  are  the  Azaar,  Duffy,  Max,  Quigiey,  Rottulee,  Searing,  Sambo,  Tansetn 
and  Twin  Creek  series  in  the  same  family  and  the  Arnegard,  Boxwell,  Chama ,  Morton,  Seeder,  Sen, 
Stady  and  Vehar  series.   Azaar  soils  have  indurated  sandstone  bedrock  within  depths  of  20  to  40 
inches.   Duffy  soils  have  granitic  bedrock  substrata  within  depths  of  40  inches.   Max,  Quigiey, 
Shambo,  Tanseni  and  Twin  Creek  soils  lack  paralithic  beds  witliin  depths  of  20  to  40  inches.  Rottulee 
soils  have  hue  of  7.r>YK  or  redder  throughout.   Searing  soils  have  redder  hues  and  reddish  colored 
poi celainite  beds  within  depths  of  20  to  40  inches.   Arnegard  and  Stady  soils  lack  paralithic  beds 
within  depths  of  20  to  40  inches.   In  addition,  the  Arnegard  soils  have  mollic  epipedons  more  than 
20  inches  thick  and  the  Stady  soils  have  sand  and  gravel  between  depths  of  20  and  40  inches. 
Boxwell  soils  have  drier  climate.   Chama ,  Morton,  and  Sen  soils  are  fine-silty.   Reeder  soils  have 
argil] ic  horizons.   Vehar  soils  are  coarse- loamy . 

Geographic  Setting:   Amor  soils  are  on  nearly  level  to  moderately  steep  uplands.   Slope 
gradients  typically  range  from  1  to  10  percent,  but  some  are  as  steep  as  25  percent.   The  soils 
formed  in  residuum  weathered  from  stratified  soft  sandstone,  siltstone  and  loamy  shales.   Mean 
annual  temperature  ranges  from  38  to  45   F  and  precipitation  comes  in  the  spring  and  summer. 

Geographically  Associated  Soils:  These  are  the  competing  Arnegard,  Reeder,  Shambo  and  Vebar 
soils  and  the  Cabha  and  Hasher  soils.  Arnegard  soils  are  on  concave  swales  and  footslopes.  Reeder 
soils  are  on  less  sloping  upland  are.'is  adjacent  to  the  Amor  soils.  Shambo  soils  are  on  terraces  and 
nearly  level  areas.  Vebar  soils  are  on  adjacent  uplands.  Cabba  and  Flasher  soils  have  paralithic 
beds  at  depths  of  less  than  20  inches.  They  are  on  adjacent  steeply  sloping  uplands. 

Drainage  and  Fermeabi ] ity :   Well  drained.   Funoff  ranges  from  slow  to  rapid  as  slope 
increases.   Permeability  is  moderate. 

Use  and  Vegetation:  Commonly  cropped  to  small  grains,  flax,  corn,  hay  and  grass  in  a  crop 
siiMiierfal  low  rotation.  Native  vegetation  is  mid  and  short  prairie  grasses  as  green  needlegrass, 
needleandthread,  western  wheatgrass  and  blue  grama. 

Distribution  and  Extent:  Southwestern  North  Dakota,  northwestern  South  Dakota  and  possibly 
eastern  Montana.   The  series  is  moderate  extent. 

Series  Established:   Bowman  County,  North  Dakota,  August  1969. 
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Established  Series 
Rev.  FVW-GBM 
11/16/78 

ARNEGARD  SERIES 

The  Arnegard  series  consists  of  deep,  well  drained  soils  that  formed  in  calcareous  loamy 
alluvium  on  upland  swales,  fans  and  footslopes.  Permeability  is  moderate.  Slopes  range  from  0  to  9 
percent.  Mean  annual  temperature  is  42  F,  and  mean  annual  precipitation  is  14  inches. 

Taxonomic  Class:  Fine-loamy,  mixed  Pachic  Haploborolls . 

Typical  Pedon:   Arnegard  loam  -  cultivated.   (Colors  are  for  dry  soil  unless  otherwise 
stated.) 

Ap--0  to  11  inches;  dark  grayish  brown  (10YR  4/2)  loam,  very  dark  brown  (10YR  2/2)  moist;  weak 
coarse  and  mediujn  subangular  blocky  structure  parting  to  weak  fine  granular;  very  friable;  many 
roots;  neutral;  clear  wavy  boundary.   (8  to  18  inches  thick) 

B21--11  to  17  inches;  dark  grayish  brown  (10YR  A/2)  loam,  very  dark  grayish  brown  (10YR  3/2) 
moist;  weak  coarse  and  medium  prismatic  structure  parting  to  moderate  fine  subangular  blocky;  few 
thin  clay  films  on  faces  of  peds;  common  roots;  common  pores;  neutral;  gradual  wavy  boundary. 

B22--17  to  25  inches;  grayish  brown  (10YR  5/2)  loam,  very  dark  grayish  brown  (10YR  3/2)  moist; 
moderate  medium  prismatic  structure  parting  to  moderate  medium  and  fine  angular  blocky;  friable; 
few  thin  clay  films  on  faces  of  peds;  few  roots;  common  pores;  neutral;  clear  wavy  boundary. 
(Combined  thickness  of  the  B2  horizon  is  8  to  30  inches.) 

B3--25  to  32  inches;  grayish  brown  (2.5Y  5/2)  loam,  very  dark  grayish  brown  (2.5Y  3/2)  moist; 
weak  coarse  prismatic  structure  parting  to  weak  coarse  and  medium  subangular  blocky;  friable; 
neutral;  clear  wavy  boundary.   (0  to  10  inches  thick) 

Clca--32  to  45  inches;  light  brownish  gray  (2.5Y  6/2)  loam,  dark  grayish  brown  (2.5Y  4/2) 
moist;  weak  coarse  and  medium  subangular  blocky  structure;  friable;  few  roots;  few  fine  pores;  soft 
bodies  of  segregated  lime;  strong  effervescence;  moderately  alkaline;  gradual  wavy  boundary.   (7  to 
16  inches  thick) 

C2--45  to  60  inches;  light  yellowish  brown  (2.5Y  6/4)  loam,  light  olive  brown  (2.5Y  5/4)  moist; 
very  weak  coarse  and  medium  subangular  blocky  structure;  friable;  strong  effervescence;  moderately 
alkal ine. 

Type  Location:   McKenzie  County,  North  Dakota;  300  feet  east  of  the  NW  corner  of  sec.  14,  T. 

150  nT  ,  rTToi  W. 

Range  in  Characteristics:   The  solum  thickness  ranges  from  20  to  58  inches.   The  mollic 
epipedon  ranges  from  16  to  more  than  30  inches  in  thickness  and  includes  all  or  part  of  the  B 
horizon.   The  soil  typically  has  segregated  or  finely  divided  carbonates  within  depths  of  40  inches 
but  ranges  to  as  deep  as  60  inches. 

The  A  horizon  has  hue  of  10YR,  value  of  3  or  4  and  2  or  3  moist,  and  chroma  of  2.  It  is  loam  or 
silt  loam  and  is  slightly  acid  or  neutral.  Some  pedons  have  Bl  horizons. 

The  B2  horizon  has  hue  of  10YR  or  2.5Y,  value  of  2  to  4  moist,  and  chroma  of  2  or  3.   It  is 
loam,  silt  loam  or  light  clay  loam  containing  less  than  30  percent  clay.  It  is  neutral  or  mildly 
alkal ine. 

The  Cca  horizon  has  hue  of  2.5Y  or  10YR,  value  of  5  to  7  dry  and  4  or  5  moist,  and  chroma  of  2 
to  4.  It  is  typically  loam  but  includes  fine  sandy  loam  to  clay  loam.  It  is  mildly  or  moderately 
al kal ine . 

The  C  horizon  has  hue  of  2.5Y  or  10YR,  value  of  5  to  7  dry  and  4  or  5  moist,  and  chroma  of  2  to 
4.  It  typically  is  loam  but  includes  loamy  fine  sand,  fine  sandy  loam  and  clay  loam.  It  is  neutral 
to  moderately  alkaline. 
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Competing  Series:      These   are   the  Falkirk,    Garza,    Poseglen   and  Shawa   series  in  the  same  family 
and   the   Bowbclls,    Bowdle,    Goshen,    Grail,    Grassna,    Mandan,    Onita,    Parshall,    Shambo,    Straw  and  Svea 
series.     Falkirk    soils    have   gravelly   loam   11C  horizons  and  glacial  till  within  depths  of  40  inches. 
Carza    soils    lack    cambic    horizons.      Poseglen   soils    contain   less    sand   and   have    formed    in    lacustrine 
sediments.       Shawa    soils    lack    B    horizons    and    formed    in    alluvium    primarily    from    igneous    rocks. 
Fovbells    soils  have   argillic   horizons.     Bowdle   soils   are   fine-loamy  over   sandy  or  sandy-skeletal. 
Goshen   and  Onita    soils   have   argillic  horizons   and  warmer   climates.     Grail  soils  have  fine-textured 
argillic   horizons.      Grassna    soils   are   fine-silty.     Mandan   soils   are   coarse-silty.     Parshall   soils 
are    coarse-loamy.       Shambo    soils    have    mollic    epipedons    less    than    16    inches    thick.      Straw    soils 
contain  carbonates   throughout  and  are  stratified.     Svea   soils  have  wetter  climates. 

Geographi  c  Sett  ing:      Arnegard   soils  are  on   upland   swales,    fans   and  footslopes  on  the  residual 
plains    and   glacial    till    plains.      They    formed    in   mixed    loamy   alluvium   from   calcareous    sedimentary  - 
rock   and   glacial    till.      Slopes   typically  are  1  or  2  percent  but  range  from  0  to  9  percent.     The  mean 
annual    t emperat ure    is    38    to    45      F,    and   the   mean    annual    precipitation    is    12   to    16   inches,    most  of 
which  falls  during  spring  and  summer. 

Geographically   Associated   Soils:      These    are   the   Amor,    Farland,    Grail,    Grassna,   Max,   Morton, 
Parshall,    Sen,    Shambo,    Temvik,   Vebar  and  Williams   soils.     Amor,    Morton,    Sen  and  Vebar  soils  have 
thinner   mollic   epipedons    formed    in    residual  materials   and  are  on  nearby  convex  slopes.     Farland  and 
Shambo    soils    have    thinner   mollic   epipedons    and    are    on    nearby   terraces.      Max,    Williams   and  Temvik 
soils    have    thinner    mollic    epipedons    and    formed    in   glacial    till.      Grail,   Grassna  and  Parshall  soils 
are    in   similiar  positions. 

Drainage   and    Permeability:       Well     drained.       Runoff     is     slow    or     medium.       Permeability    is 
moderate . 

Use   and   Vegetation:       Most    areas    are   cropped    to    spring  wheat,    oats,    barley,    and   hay.     Native 
.egetation    is    mid,     tall    and    short    grasses    such    as    western    wheatgrass,    green    needlegrass,    big 
rluestem  and  blue   grama. 

Distribution    and    Extent:       Arnegard    soils     are    extensive    and    are    in    uestern    North    Dakota, 
eastern  Montana  and   northwestern  South  Dakota. 

Series   Established:     Mckenzie  County,   North  Dakota,    1937. 

Remarks:      Soils    that    formed    in    loess  or   similiar  silty  materials  were   formerly  included  in  the 
Arnegard  series  but   now  are  placed  in  the  Grassna   series. 
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COHAGEN  SERIES 


The  Cohagen  series  consists  of  shallow,  well  to  excessively  drained  soils  formed  in  materials 
weathered  from  soft  sandstone  bedrock  on  uplands.  These  soils  have  moderate  or  moderately  rapid 

permeability.  Slopes  range  from  3  to  50  percent.  Mean  annual  temperature  is  about  42  F  and  mean 
annual  precipitation  is  about  16  inches. 

Taxonomic  Class:  Loamy,  mixed  (calcareous),  frigid,  shallow  Typic  Ustorthents. 

Typical  Pedon:  Cohagen  fine  sandy  loam  -  on  a  south  facing  convex  slope  of  18  percent  in 
native  grass.  (Colors  for  dry  soil  unless  otherwise  stated.  Where  described  the  soil  was  moist 
throughout. ) 

A1--0  to  3  inches;  grayish  brown  (10YR  5/2)  fine  sandy  loam,  very  dark  grayish  brown  (10YR  3/2) 
moist;  weak  fine  subangular  blocky  structure  parting  to  weak  medium  granular;  slightly  hard,  very 
friable;  many  roots;  slight  effervescence;  mildly  alkaline;  clear  wavy  boundary.   (2  to  6  inches 
thick) 

C1--3  to  8  inches;  light  brownish  gray  (2.5Y  6/2)  fine  sandy  loam,  dark  grayish  brown  (2.5Y 
4/2)  moist;  weak  medium  and  fine  subangular  blocky  structure;  slightly  hard,  very  friable;  common 
roots,  slight  effervescence;  mildly  alkaline;  gradual  boundary. 

C2 — 8  to  17  inches;  light  yellowish  brown  and  light  olive  brown  (2.5Y  6/4  and  5/5)  fine  sandy 
loam,  olive  brown  (2.5Y  4/4)  moist;  weak  medium  subangular  blocky  structure;  hard;  friable;  common 
grading  to  few  roots;  25  percent  soft  sandstone  fragments;  slight  effervescence;  moderately 
alkaline;  clear  wavy  boundary.   (Combined  CI  and  C2  horizons  are  8  to  14  inches  thick) 

Cr--17  to  40  inches;  pale  yellow  and  light  yellowish  brown  (2.5Y  7/4  and  6/4)  soft  massive 
calcareous  sandstone,  light  olive  brown  (2.5Y  5/4)  moist;  slightly  hard  and  brittle;  soft  and 
easily  crushed;  a  few  roots  in  cracks  in  upper  part;  a  few  seams  of  lime. 

Type  Location:   Oliver  County,  North  Dakota;  4  miles  north  and  2  1/2  miles  west  of  Hanover, 
North  Dakota;  250  feet  north  and  280  feet  west  of  the  SE  corner  of  the  SW  quarter  of  sec.  29,  T.  143 
N.,  R.  85  W. 

Range  in  Characteristics:  The  depth  to  soft  sandstone  is  typically  about  18  inches  but  ranges 
between  10  and  20  inches.  The  control  section  commonly  is  fine  sandy  loam  or  sandy  loam  but  the 
range  includes  loamy  very  fine  sand. 

The  A  horizon  has  hue  of  10YR,  or  2.5Y,  value  of  4  through  6  and  3  or  4  moist  and  chroma  of  2  or 
3.  It  typically  is  fine  sandy  loam  or  sandy  loam  but  some  is  loamy  fine  sand  or  loam.._ 

The  upper  part  of  the  C  horizon  has  hue  of  10YR  or  2.5Y  value  of  5  or  6  and  4  or  5  moist  and 
chroma  of  2  through  4.   It  has  weak  to  moderate  grades  of  subangular  blocky  or  prismatic  structure 
or  is  massive.  The  Cr  horizon  is  platy  or  massive  weakly  consolidated  soft  calcareous  sandstone 
with  a  2.5Y  or  5Y  hue.  It  crushes  to  a  fine  sandy  loam  or  loamy  fine  sand. 

Competing  Series:   These  are  the  Abac,  and  Cabba  series  in  the  same  family  and  the  Blackhall, 
Cabbart,  Castner,  Dast,  Delphillj,,  Dilts,  Flasher,  Lisam,  Norbert,  Oceanet,  Rentsac,  Scroggin, 
Wayden  and  Yawdim  series.   Abac  soils  have  SYR  or  redder  hue  throughout  their  sola.   Cabba  and 
Cabbart  soils  have  loam,  silt  loam  or  clay  loam  control  sections.  Blackhall  soils  are  usually  dry. 

Castner  and  Rentsac  soils  have  a  lithic  contact  within  depths  of  20  inches.  Dast,  Delphill,  and 
Scroggin  soils  have  a  paralithic  contact  within  depths  of  20  to  40  inches.  Dilts,  Lisam,  Norbert, 
Wayden  and  Yawdim  soils  have  clayey  control  sections.  Flasher  soils  are  sandy.  Oceanet  soils  have 
■esic  temperatures. 

Geographic  Setting:   The  Cohagen  soils  are  on  undulating  to  hilly  uplands.  The  Cohagen  soils 
formed  in  fine  sandy  loam  residuum  weathered  from  the  soft  sandstone  bedrock.  The  climate  is  cool, 
semiarid  with  long  cold  winters  and  warm  moist  spring  and  summer.  The  mean  annual  precipitation  is 
14  to  18  inches,  more  than  70  percent  of  which  falls  in  the  spring  and  summer.  The  mean  annual 
temperature  is  40  to  45  F;  mean  January  temperature  is  about  10  to  25  F. 
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Geographically  Associated  Soils:   These  are  the  competing  Dast  and  Flasher  series  and  the 
Tally,  and  Vebar  series.  These  are  commonly  in  a  landscape  sequence  with  Cohagen,  Dast  and  Flasher 
soils  on  the  crests  of  hills  and  steeper  slopes  and  Vebar,  Tally  and  Parshall  soil  on  the  lower 
slopes  and  nearly  level  areas.  Parshall,  Tally  and  Vebar  soils  have  mollic  epipedons. 

Drainage  and  Permeability:   Well   to   excessively  drained.   Medium  or  rapid  runoff. 
Permeability  is  moderate  or  moderately  rapid  in  the  soil  and  moderate  to  slow  in  the  sandstone. 

Use  and  Vegetation:  Used  for  range  and  pasture.  A  few  areas  are  cultivated  with  adjacent 
thicker  soils.  Native  vegetation  is  little  bluestem,  needleandthread ,  prairie  sandreed,  upland 
sedges  and  western  wheat  grass. 

Distribution  and  Extent:  Sedimentary  plains  of  western  North  Dakota,  eastern  Montana  and 
northwestern  South  Dakota.  The  soil  is  of  moderate  extent. 

Series  Establ ished :  Oliver  County,  North  Dakota,  11/22/71. 

Remarks  :  The  Cohagen  soils  were  classified  as  Lithosols  in  the  former  system. 
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HARRIET  SERIES 


The  Harriet  series  is  a  member  of  the  fine,  montmorillonitic,  frigid  family 
of  Typic  Natraquolls.   (Leptic  Natriborolls) .   (See  Remarks).   Typically, 
these  soils  have  very  dark  gray  loam  A2  horizons  about  2  inches  thick, 
black,  and  very  dark  grayish  brown  strongly  alkaline  clay  loam  B2t  horizons 
that  have  moderate  columnar  and  prismatic  structure,  and  stratified  loam, 
very  fine  sandy  loam,  and  clay  loam  C  horizons. 

Typifying  Pedon:   Harriet  loam-grassland 

(Colors  are  for  moist  soil  unless  otherwise  stated.) 

A2  —  0-2"--Very  dark  gray  (2.5Y  3/1)  loam,  gray  (2.5Y  5/1  and  6/1)  dry; 
medium  platy  structure;  friable;  many  fine  roots,  common  fine 
pores;  few  salt  crystals  visible  when  soil  is  dry;  moderately 
alkaline;  abrupt  wavy  boundary.   (1  to  5  inches  thick) 

B21  —  2-6"— Black  (2.5Y  2/1)  heavy  clay  loam,  dark  gray  (2.5Y  4/1)  dry; 

moderate  medium  columnar  structure;  extremely  hard,  firm;  common 
roots;  coatings  of  very  dark  gray  (2.5Y  3/1)  moist,  gray  (2.5Y  5/1) 
dry  on  column  tops  and  sides';  slight  effervescence  on  inside  of 
columns;  strongly  alkaline;  clear  wavy  boundary. 

B22t —  6-18" — Very  dark  grayish  brown  (2.5Y  3/2)  clay  loam,  grayish  brown 
(2.5Y  5/2)  dry;  moderate  coarse  prismatic  and  weak  medium 
subangular  blocky  structure;  very  hard,  firm;  few  roots;  common 
medium  pores;  common  fine  white  salt  crystals;  strong  effervescence; 
strongly  alkaline;  gradual  wavy  boundary.   (Combined  B2  Horizons  - 
3  to  20  inches  thick). 

Cl6a —   18-28" — Dark  grayish  brown  (2.54  4/2)  loam,  grayish  brown  and  light 

brownish  gray  (2.5Y  5/2  and  6/2)  dry;  weak  coarse  prismtic  structure; 
very  hard,  firm;  occasional  fine  roots;  few  medium  and  fine  pores; 
fine  salt  crystals  visiable  when  dry;  violent  effervescence; 
strongly  alkaline;  abrupt  smooth  boundary.   (0  to  20  inches  thick) 

1IC2--   28-38"— Light  olive  brown  (2.5Y  5.3)  very  fine  sandy  loam,  light 
yellowish  brown  (2.5Y  6/3)  dry;  very  weak  coarse  prismatic  and 
weak  coarse  and  medium  subangular  blocky  structure;  very  hard; 
friable;  few  fine  pores;  common  very  fine  salt  crystals  visible 
when  dry;  strong  effervescence;  strongly  alkaline;  abrupt  smooth 
boundary.  (0  to  20  inches  thick). 

IIAb—  38-40"— Very  dark  gray  (2.5Y  3/1)  clay  loam,  dark  gray  (2.5Y  4/1) 

dry;  few  medium  distinct  mottles  of  olive  brown  (2.5Y  4/3)  moist; 
weak  coarse  prismatic  structure;  very  hard,  firm;  occasional  fine 
roots;  strong  effervescence;  strongly  alkaline;  abrupt  boundary. 
(0  to  10  inches  thick) 

IIC3—  40-60"— Olive  brown  (2.5Y  4/3)  stratified  loam  and  clay  loam,  light 
yellowish  brown  (2.5Y  6/3)  dry;  weak  coarse  and  medium  subangular 
blocky  structure;  very  hard;  friable;  strong  effervescence;  strongly 
alkaline. 

Type  Location:   Burleigh  County,  North  Dakota;  twenty  feet  north  of  road 
right-of-way  and  40  feet  west  of  entrance  to  Cypert  Park;  950  feet  west  and 
40  feet  north  of  the  SE  corner  of  the  SW  quarter  of  Sec.  34  T  139  N 
R.  79  W. 
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Range  of  Characteristics:   Solum  thickness  ranges  from  10  to  24  Inches. 
Typically,  salts  are  visible  at  depths  of  4  to  11  inches  and  are  throughout 
the  solum  and  substratum  in  some  pedons.   pH  ranges  from  neutral  in  the 
upperhorizons  to  strongly  alkaline  in  the  lower  horizons.   Some  pedons  have 
dark  Al  horizons  1  to  2  inches  thick.   The  A2  horizon  has  10YR  or  2.5Y  hue, 
value  of  3  or  4  and  5  or  6  dry,  and  chroma  of  1.   The  A2  horizon  is  loam, 
»ilt  loam  or  very  fine  sandy  loam.   The  B2t  horizon  has  10YR,  2.5Y,  or 
5Y  hue,  value  of  2  or  3  and  4  or  5  dry  and  chroma  of  1  or  2.   It  shifts  from 
clay  laom  to  clay  and  is  estimated  to  average  between  35  and  50  percent  clay. 
The  B21t  horizon  has  moderate  to  strong  medium  to  coarse  columnar  structure 
and  the  B22t  horizon  has  weak  to  moderate  prismatic  structure  that  parts 
to  weak  to  moderate  angular  or  subangular  blocky  structure.   A  B3  horizon 
is  in  some  pedons.   The  C  horizon  has  10YR,  2.5Y  or  5Y  hue,  value  of 
3  through  5  and  4  through  7  dry,  and  chroma  of  1  through  3.   It  is  loam, 
very  fine  sandy  loam,  clay  loam,  silty  clay  loam  or  silty  clay.   Few  or 
common  faint  to  prominent  mottles  are  in  the  C  horizon.   Dark  colored 
buried  A  horizons  or  strata  of  coarser  materials  are  below  depths  of  30  inches 
in  some  pedons . 

Competing  Series  and  Their  Differentiae:   Competing  series  in  other  families 
are  the  Cavour,  Dimmickj  Durrstein,  Exline,  Heil,  Miranda,  Ranslo,  Ryan 
and  Stirum  series.   The  Cavour,  Exline,  and  Miranda  soils  are  better  drained. 
In  addition  the  Cavour  and  Miranda  soils  are  formed  in  glacial  till  and  the 
Exline  soils  formed  in  stratified  silt  and  clay  lacustrine  sediments.   Dinmick 
soils  lack  natric  horizons.   The  Durrstein  soils  are  mesic.   Heil  soils  lack 
free  lime  in  the  sola  and  are  formed  in  clayey  local  alluvium.   Ranslo  soils 
have  thicker  Al  and  A2  horizons.   Ryan  soils  have  mollic  epipedons  more  than 
40  inches  thick  and  lack  A2  horizons.   Stirum  soils  have  fine  sandy  loam  or 
loam  B2t  horizons. 

Setting:   Harriet  soils  are  on  level,  low  terraces  and  bottomlands  along 
streams.   Slope  gradient  is  less  than  1  percent.   The  soils  formed  in 
calcareous  stratified  medium  to  moderately  fine  textured  alluvium.   The 
climate  is  semiarid.   Mean  annual  temperature  is  38  to  45°  F.,  and  mean 
annual  precipitation  is  14  to  18  inches.   Most  of  the  precipitation  comes 
in  the  spring  and  summer. 

Principal  Associated  Soils:   These  are  the  Farland,  Havrelon,  Korchea,  Lamoure, 
La  Prairie,  Lehr,  Magnus,  Savage,  Straw,  and  Velva  soils  on  terraces  and 
bottomlands.   None  of  these  soils  have  natric  horizons  and  all  except  the 
Lamoure  soils  are  better  drained. 

Drainage  and  Permeability:   Poorly  drained,   A  water  table  is  at  depths  of 
less  than  3  to  5  feet  part  of  the  time  in  most  years.   Runoff  is  slow. 
Permeability  is  very  slow. 

Use  and  Vegetation:   Used  mainly  for  pasture.   Native  vegetation  is  saltgrass, 
nut  tall  alkaligrass,  western  wheatgrass,  and  foxtail  barley. 

Distribution  and  Extent:   Western  and  central  North  Dakota,  northern  South 
Dakota.   The  series  is  of  moderate  extent. 

Series  Established:   Hand  County,  South  Dakota,  1959. 

Remarks:   The  Harriet  soils  were  classified  as  solodized-Solonetz  in  the 
former  system.   Placement  of  the  Harriet  series  with  the  Aquolls  seems 
most  appropriate  although  they  do  not  always  meet  the  morphological 
requirements  of  the  Aquolls  (i.e.,  mottling  and/or  low  chroma). 
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RHOADES  SERHS 


The  Rhoades  series  consists  of  deep,  well  or  moderately  well  drained,  very  slowly  permeable 
soils  formed  in  stratified  loamy  and  clayey  mat?rials  derived  from  saline-alkali  soft  shales.  T!ies<? 
soils  are  on  upland  plains,  terraces  and  swales  .in>1  have  slopes  of  0  to  25  percent.  Mean  annual 
temperature  i?  42  F,  and  wean  annual  precipitation  is  16  inch?s. 

Taxonomic  Class:  Fine,  montmorillonitic  Laptic  Natriborol Is . 

Typical  Pedon:  Rhoades  loam  -  grassland.  (Colors  are  for  dry  soil  unless  otherwise  stated.) 

A2--0  to  4  inches ;  orayish  hrown  (10YR  5/2)  loam,  very  dark  °ra"ish  brown  (1QYR  3'2^  moist* 
moderate  medium  prismatic  structure  separating  to  moderate  and  strong  coarse  to  fine  platy; 
friable;  many  roots;  common  fine  pores;  peds  coated  with  light  gray  (10YR  6/1)  uncoated  sand  grains; 
neutral;  abrupt  smooth  boundary.   (2  to  5  inches  thick) 

•;  B2t--4  to  11  inches;  grayish  brown  (10YR  5/2)  clay  loam,  very  dark  grayish  brown  (10YR  3/2) 
moist:  strong  coarse  columnar  structure  separating  to  moderate  fine  angular  blocky  in  lover  part; 
extremely  hard,  firm,  sticky,  plastic;  common  roots  between  columns;  few  medium  common  fine  pores; 
columns  capped  with  a  light  gray  (10YR  7/1)  layer;  dark  grayish  brown  (10YR  4/2)  clay  films  on  faces 
of  peds;  few  gypsum  crystals  in  lower  part;  mcderately  alkaline;  clear  wavy  boundary.   (5  to  20 
inches  thick) 

R3--11  to  In  inches;  grayish  brown  (2.5Y  5/2)  clay  loam,  very  dark  grayish  brown  (2.5Y  3/2) 
moist;  weak  coarse  prismatic  structure  separating  to  moderate  medium  and  fine  suban^.ular  blocky 
extremely  hard,  firm,  common  fine  pores;  thin  clay  films;  common  gypsum  crystals;  many  soft  masses; 
cf  lime;  nonef fervescent  between  lime  masses;  strongly  alkaline;  gradual  wavy  boundary.  (0  to  15 
inches  thick! 

Clcs--16  to  35  inches:  light  brownish  gray  (2.5Y  6/2)  r]iy  loam,  olive  brown  (2.5Y  4/4)  moist; 
weak  coarse  prismatic  structure  separating  to  moderate  medium  and  fine  subangular  blocky;  extremely 
hard,  firm;  common  fine  pores;  few  masses  of  lime;;  common  coarse  and  fine  gypsum  crystals;  strong 
effervescence;  strongly  alkaline;  gradual  boundary.  (10  to  25  inches  thick) 

C2--35  co  49  inches;  olive  gray  (5Y  5/2)  clay  loam,  olive  (5Y  4/3)  moist;  weak  fine  and  medium 
snhangnlar  blocky  structure;  extremely  hard,  firm;  few  large  nests  of  gypsum  crystals;  common  soft 
masses  of  lime;  strong  effervescence,  strongly  alkaline;  clear  wavy  boundary.   (10  to  25  inchts 
thick) 

Cr--49  to  60  inches;  olive  gray  (5Y  5/2)  soft  massive  silty  clay  shale;  strong  effervescence. 

Type  Location:  Stark  County,  North  Dakota;  380  feet  south  and  125  feet  west  of  the  NF.  corner 
cf  the  SE1/4  of  sec.  11,  T.  140  N.',  R.  99  W. 

Range  in  Characteristics:  Depth  to  soft  shale  is  over  '»0  inches.  Some  pedons  have  thin  Al 
horizons.  The  Al  and  A2  horizons  have  a  combined  thickness  of  1  to  5  inches.  The  A2  horizon  has  hue 
cf  10YR,  value  of  4  through  6  and  2  through  5  moist  ,  and  chroma  of  2  dry  or  moist.  The  Al  and  A2 
horizons  are  loam,  silt  loam  or  very  fine  sandy  loam,  fine  sandy  loam,  silty  clay  loam,  clay  loam, 
cr  silty  clay.  The  B2t  horizon  has  hue  of  10YR  cr  2.5Y,  value  of  3  through  5  and  2  or  3  moist,  anc: 
chroma  of  2  dry  or  moist.  It  is  silty  clay  loam,  clay  loam,  clay  or  silty  clay  averaging  between  3! 
and  50  percent  clay.  It  has  coarse  or  medium  colunn^r  structure  that  separates  to  blocky  in  some 
pedons.  It  is  firm  or  very  firm.  Clay  films  and  organic  stains  are  on  faces  of  columns.  Some 
redons  have  E3cs  horizons. 

The  C  horizon  has  hue  of  2.5Y  or  5Y,  value  of  5  through  7  and  4  or  5  moist  and  chroma  of  1 
through  4  dry  or  moist.  It  commonly  is  clay  loan,  loam,  silty  clay  loam,  silty  clay  or  clay.  Jt  has 
lew  to  commor.  salt  crystals. 
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RHOADES  SOJES--2 

Competing  Srrii's:   These  are  the  Ex)  ine  seiic:;  in  the  same  family  and  the  Absher,  Auger, 
ftelfield,  Da.^lum  and  I.euneii  series.   F.xline  soils  have  A  horizons  with  color  chroma  of  1  and  have 
formed  in  lacustrine  sediment? .   Absher  soils  Jack  rr-ollic  epij.e.jons.  Adger  and  Daglum  r.oils  lack 
visible  gypsum  crystals  <t  wests  within  depth;  of  jo  inches   Belfield  and  Iennep  soils  have 
t  ctij^l; i :jg  or  interf  ingcrir-.g  of  A2  material  extending  ever  2  inches  into  their  natric  horizons. 

Geographic  Setting:  Rhoades  soils  are  on  nearly  level  to  sloping  upland  plains,  terraces  and 
concave  swal<?s.  Slope  gradients  comnonly  are  1  to  9  percent  but  range  from  0  to  25  percent.  The 
soils  formed  in  stratified  loamy  and  clayey  materials  derived  from  saline-alkali  soft  shales.  Mean 
.uinual  temperature  ranges  from  40  to  45  F,  and  mean  annual  precipitation  from  13  to  17  inches. 

Geographically  Associated  Soils:   The  competing  Belfield  and  Daglum  soils  are  in  complexes 
villi  Rhoades  soils  in  many  localities.  Arnegard,  Grail,  Lawther,  Morton,  Regent  and  Vebar  soils  are 
mi  nearby  swales,  terraces  and  uplands.  All  l*cl:  the  A2  horizons  and  B2t  horizons  that  have  strong 
columnar  structure. 

Draina»e  and  Permesibi  lity:   Moderately  '.-.'ell  and  v.'ell  drained.  Runoff  is  slew  or  moderately 
rapid,  depending  upon  slope.  Permeability  is  very  slow. 

Use  and  Vegetation:   Mostly  in  grassland  used  for  range  and  pasture.  Native  vegetation  is 
short  and  mic  prairie  grasses  such  as  western  wheatgrass,  blue  grama,  sedges,  and  also  some  legumes, 
prickly  pear  and  clubmoss.  Some  areas  are  cultivated  mostly  to  small  grains. 

Distribution  and  Extent:   Southwestern  North  .Dakota,  northwestern  SDJth  Dakota,  and  eastern 
Montana.  The  soil  is  extensive. 

Series  Established:  McKenzie  County,  North  Dakota,  1932. 

Remarks:  The  series,  as  presently  defined,  ircludes  some  soils  formerly  placed  in  the  Mel  ine. 
did  Wade  series.  Soils  formerly  included  in  the  Rhoades  series  but  now  separated  are  in  the  Absher. 
leckton,  Belfield  and  Daglum  series. 

Additional  Data:  Type  location  lab  sample  number  S61ND-45-6.  Other  lab  samples  S54SD-53-1, 
554SD-53-2  and  S61ND-45-8. 
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SEARING  SERIES 

The  Searing  series  consists  of  deep,  well  drained,  moderately  permeable  soils  that  formed  in 
material  weathered  from  porcelanite  over  scattered  porcelanite.  These  soils  are  on  uplands  and 
have  slopes  ranging  from  1  to  15  percent.   Mean  annual  temperature  is  42  F,  and  mean  annual 
precipitation  is  15  inches. 

Taxonomic  Class:  Fine-loamy  over  fragmental,  mixed  Typic  Haploborolls. 

Typical  Pedon:  Searing  loam  -  cultivated.   (Colors  for  dry  soil  unless  otherwise  stated.) 

Ap--0  to  6  inches;  brown  (7.5YR  4/2)  loam,  dark  brown  (7.5YR  3/2)  moist;  weak  medium 
subahgular  blocky  and  moderate  medium  and  fine  granular  structure;  slightly  hard,  friable;  common 
roots,  many  fine  pores;  neutral;  abrupt  smooth  boundary.   (4  to  10  inches  thick) 

B21t--6  to  12  inches;  dark  reddish  gray  (5YR  4/2)  loam,  dark  reddish  brown  (SYR  3/2)  moist; 
moderate  coarse  prismatic  structure  parting  to  moderate  coarse  and  medium  angular  blocky;  hard, 
friable;  common  roots,  many  fine  pores;  many  clay  films  of  dark  brown  (7.5YR  3/2)  moist;  neutral; 
clear  wavy  boundary. 

B22--12  to  16  inches;  reddish  brown  (SYR  4/3)  loam,  dark  reddish  brown  (5YR  3/3)  moist;  weak 
coarse  prismatic  structure  parting  to  moderate  coarse  and  medium  angular  blocky;  hard,  friable; 
common  fine  roots  and  pores;  a  few  porcelanite  chips;  mildly  alkaline;  clear  wavy  boundary. 
(B2  horizon  is  6  to  16  inches  thick) 

C1--16  to  23  inches;  reddish  yellow  (5YR  6/6)  loam,  yellowish  red  (5YR  4/6)  moist;  weak 
coarse  and  medium  subangular  blocky  structure;  slightly  hard,  friable;  few  roots;  common  fine 
pores;  10  percent  porcelanite  chips;  strong  effervescence;  moderately  alkaline.   (4  to  15  inches 
thick) 

C2--23  to  28  inches;  reddish  yellow  (5YR  6/6)  channery  loam,  yellowish  red  (SYR  5/6)  moist; 
weak  fine  subangular  blocky  structure;  slightly  hard,  friable;  about  50  percent  partly  weathered 
hard  porcelanite  chips;  strong  effervescence;  moderately  alkaline;  clear  wavy  boundary.   (0  to 
S  inches  thick) 

C3--28  to  60  inches;  yellowish  red  (5YR  5/6)  shattered  hard  beds  of  platy  porcelanite  and 
clinkers  with  some  sandy  material  between  the  layers;  strong  effervescence. 

Type  Location:  Bowman  County,  North  Dakota;  about  1/4  mile  north  of  Gasgoyne;  805  feet  east 
and  2,595  feet  north  of  the  SW  corner  of  sec.  33,  T.  131  N.,  R.  99  W. 

Range  in  Characteristics:  The  thickness  of  solum  and  depth  to  free  carbonates  ranges  from 
10  to  24  inches  and  depth  to  shattered  reddish  clinker  or  porcelanite  ranges  from  20  to  40  inches. 
Porcelanite,  as  sand  grains  or  channery  fragments,  is  mixed  throughout  the  solum  in  some  pedons. 

The  A  horizon  has  hue  of  5YR,  7.5YR,  or  10YR,  value  of  4  or  5  and  2  or  3  moist,  and  chroma  of 
2  or  3.  It  is  loam,  silt  loam,  or  clay  loam. 

The  B  horizon  has  hue  of  5YR,  7.5YR,  or  10YR,  value  of  4  to  6  and  3  or  4  moist,  and  chroma  of 
2  to  4.   It  is  a  loam,  silt  loam,  or  clay  loam  averaging  between  18  and  30  percent  clay.  It  has 
weak  to  strong  prismatic  structure  that  parts  to  moderate  or  strong  blocky  structure.   There  is 
only  a  slight  clay  increase  in  the  B  horizon.   Clay  films  are  lacking  in  some  pedons.   Pedons 
formed  in  noncalcareous  porcelanite  beds,  are  low  in  lime  but  are  included  in  the  range  of  the 
series. 

The  upper  C  horizon  is  loam  or  clay  loam  with  5  to  30  percent  porcelanite  coarse  fragments. 

The  lower  C  horizon  is  shattered  porcelanite  with  some  sandy  material  on  flat  surfaces. 
White  lime  coatings  are  on  surfaces  in  some  pedons. 
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SEARING  SERIES--2 

Competing  Series:   There  are  no  other  soils  in  this  family.   Similar  soils  are  the 
Brandenburg,  Ringling,  Stady,  and  Twin  Creek.  Brandenburg  and  Ringling  soils  have  porcelanite  at 
a  depth  of  less  than  20  inches.   Stady  soils  have  gravel  and  sand  at  depths  of  20  to  40  inches. 
Twin  Creek  soils  formed  in  alluvium  from  red  sandstone  and  shale  and,  in  addition,  lack  fragmental 
material  within  depths  of  40  inches. 

Geographic  Setting:   Searing  soils  are  on  nearly  level  to  rolling  uplands  with  slope 

gradients  of  1  to  15  percent.   The  soil  formed  in  sedimentary  material  weathered  in  place  on 

porcelanite  or  clinkers  from  burned-out  coal  veins.  The  climate  is  cool,  semiarid,  with  mean 

o       o 
annual  temperature  of  38   to  45  F,  and  mean  annual  precipitation  of  13  to  17  inches. 

Three-fourths  of  the  moisture  falls  in  the  spring  and  summer. 

Geographically  Associated  Soils:  These  are  the  Brandenburg,  Flasher,  Ringling,  and  Yawdim 
soils  on  the  steep  slopes  and  hills;  Amor,  Morton,  Sen,  Regent,  and  Vebar  soils  on  nearby  sloping 
areas  and  the  Grail,  Arnegard,  Shambo ,  and  Farland  on  nearly  level  swales  and  terraces.  The 
noncompeting  Amor,  Flasher,  Morton,  Sen,  Regent,  Vebar,  and  Yawdim  soils  do  not  have  fragmental 
material  at  a  depth  of  20  to  40  inches. 

Drainage  and  Permeability:  Well  drained.  Runoff  is  medium.  Permeability  is  moderate. 

Use  and  Vegetation:   Use  for  small  grains,  some  row  crops,  hay,  and  range.   Native 
vegetation:   Medium  and  short  prairie  grasses,  such  as  western  wheatgrass,  green  needlegrass, 
blue  grama,  and  some  forbs. 

Distribution  and  Extent:   Widely  distributed  in  small  tracts  in  the  sedimentary  plains  of 
western  North  Dakota,  eastern  Montana,  and  Wyoming.  The  series  is  of  moderate  extent. 

Remarks :  The  Searing  series  was  formerly  classified  fine-loamy,  mixed  Typic  Haploborolls. 

Series  Established :  Sheridan  County,  Wyoming,  1932. 
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SEN  SERIES 


The  Sen  series  is  a  fine-silty,  mixed  Typic  Haploborolls.   Typically,  Sen  soils  have  grayish 
brown  silt  loam  Ap  horizons,  grayish  brown  and  light  yellowish  brown  friable  silt  loam  B2 
horizons,  pale  yellow  and  white  silt  loam  Cca  horizons  and  soft  sedimentary  beds  at  depths  of 
about  34  inches. 

Typical  Pedon:   Sen  silt  loam  -  on  a  northeast  facing  slope  of  4  percent  in  a  cultivated 
field.   (Colors  are  for  dry  soil  unless  otherwise  stated.) 

Ap — 0  to  6  inches;  grayish  brown  (10YR  5/2)  silt  loam,  very  dark  grayish  brown  (10YR  3/2) 
moist;  moderate  medium  granular  structure;  slightly  hard,  friable,  slightly  sticky,  nonplastic; 
common  roots;  neutral;  abrupt  smooth  boundary.   (5  to  8  inches  thick) 

B21 — 6  to  10  inches;  grayish  brown  (10YR  5/2)  silt  loam,  very  dark  grayish  brown  (10YR  3/2) 
moist;  weak  coarse  prismatic  structure  parting  to  moderate  coarse  and  medium  subangular  blocky; 
slightly  hard,  friable,  slightly  sticky,  nonplastic;  common  roots;  neutral;  clear  wavy  boundary. 

B22— 10  to  17  inches;  light  yellowish  brown  (2.5Y  6/3)  silt  loam,  olive  brown  (2.5Y  4/3) 
moiist;  moderate  coarse  prismatic  structure  parting  to  moderate  medium  subangular  blocky; 
slightly  hard,  friable,  sticky,  slightly  plastic;  common  roots;  mildly  alkaline;  clear  wavy 
boundary.   (Combined  thickness  of  B2  8  to  16  inches) 

Clca— 17  to  23  inches;  pale  yellow  (2.5Y  7/3)  silt  loam,  light  olive  brown  (2.5Y  5/4) 
moist;  weak  coarse  prismatic  structure  parting  to  moderate,  medium  subangular  blocky;  slightly 
hard,  friable,  sticky,  slightly  plastic;  common  roots;  medium-sized  rounded  soft  masses  of  lime; 
violent  effervescence;  mildly  alkaline;  clear  wavy  boundary. 

C2ca— 23  to  34  inches;  white  (2.5Y  8/2)  silt  loam,  light  yellowish  brown  (2.5Y  6/4)  moist; 
weak  medium  subangular  blocky  structure;  slightly  hard,  friable,  sticky,  slightly  plastic; 
common  roots;  many  small  iron  concretions;  strong  effervescence;  moderately  alkaline;  clear 
wavy  boundary.   (Combined  thickness  of  CI  &  C2  horizons  5  to  20  inches) 

C3 — 34  to  39  inches;  pale  yellow  (5Y  7/3)  soft  beds  that  crush  to  loam,  pale  olive  (5Y 
6/3)  moist;  weak  coarse  platy  structure;  soft,  friable,  slightly  sticky;  slight  effervescence; 
moderately  alkaline;  abrupt  smooth  boundary.   (0  to  15  inches  thick) 

C4 — 39  to  60  inches;  pale  olive  (5Y  6/3)  stratified  soft  beds  that  crush  to  loam  and  fine 
sandy  loam,  light  yellowish  brown  (2.5Y  6/4)  moist;  massive;  soft,  very  friable;  very  slight 
effervescence;  moderately  alkaline. 

Type  Location;   Slope  County,  North  Dakota;  about  3%   miles  north  of  West  Rainey  Butte;  180 
feet  west  and  650  feet  south  of  the  northeast  corner  of  the  SE*t  of  Sec.  36,  T.  139  N.,  R.  99  W. 

Range  in  Characteristics:   The  depth  to  soft  bedrock  typically  is  30  to  40  inches,  but  ranges 
from  20  to  40  inches.   The  soil  ranges  from  neutral  in  the  upper  horizons  to  strongly  alkaline 
in  the  lower  horizons.   Depth  to  carbonates  ranges  from  10  to  20  inches.   The  10-  to  40-inch 
control  section  averages  between  18  and  35  percent  clay  and  less  than  15  percent  fine  and 
coarser  sand.   The  A  horizon  has  hue  of  10YR,  value  of  4  or  5  and  2  or  3  moist,  and  chroma  of 
2  or  3  dry  or  moist.   It  is  loam,  silt  loam,  or  silty  clay  loam.   The  B2  horizon  has  hue  of 
10YR  or  2.5Y,  value  of  4  through  6  and  3  through  5  moist,  and  chroma  of  2  through  4  dry  or 
moist.   It  typically  is  silt  loam,  but  some  is  loam  or  silty  clay  loam.   It  has  weak  or  moderate 
prismatic  structure  that  parts  to  weak  or  moderate,  medium  or  coarse  subangular  blocky  structure. 
Some  pedons  have  B3  horizons  with  hue  of  2.5Y  or  10YR,  value  of  6  or  7  and  4  through  6  moist, 
and  chroma  of  2  through  4  dry  or  moist.   It  is  silt  loam,  loam  or  silty  clay  loam.   It  has 
weak  or  moderate  prismatic  or  blocky  structures.   It  has  slight  to  strong  effervescence.   The 
Cca  horizon  has  hue  of  2.5Y,  value  of  5  through  8  and  4  through  6  moist,  and  chroma  of  2  through 
4  dry  or  moist.   It  typically  is  silt  loam  or  silty  clay  loam,  but  some  is  loam.   Lime  is  both 
diffused  and  in  soft  accumulations.   The  Cca  horizon  contains  10  to  30  percent  calcium  carbonate 
equivalent.   The  underlying  beds  are  soft  massive  or  platy  siltstone  or  silty  shale. 
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SEN  SERIES— 2 

Competing  Series  and  Their  Differentiae;  These  are  the  Bryant,  Perltsa,  and  Temvik  series  in 
the  same  fanily  and  the  Amor,  Andes,  Arnegard,  Azaar,  Boxwell,  Chama,  Farland,  Floweree,  Grassna, 
Morton,  Ralph,  Reeder,  and  Shambo  series.   Bryant,  Peritsa  and  Temvik  soils  all  lack  siltstone 
within  depths  of  40  inches.   Amor,  Reeder,  and  Shambo  soils  are  fine-loamy.   In  addition,  Reeder 
soils  have  argillic  horizons,  and  Shambo  soils  lack  sedimentary  beds  within  depths  of  A0  inches. 
Andes  soils  lack  B2  horizons.   Arnegard  and  Grassna  soils  have  mollic  epipedons  more  than  16 
inches  thick.  Azaar  soils  have  hard  indurated  sandstone  at  depths  of  20  to  40  inches  and  are 
fine-loamy.   Boxwell  soils  are  usually  dry  and  are  fine-loamy.   Chama  soils  contain  lime  within 
depths  of  10  inches  and  contain  over  15  percent  lime  in  the  B  horizon.  Morton  and  Farland  soils 
have  argillic  horizons.   In  addition,  the  Farland  soils  lack  siltstone  within  depths  of  40 
inches.   Floweree  soils  are  usually  dry  and  lack  siltstone  within  depths  of  40  inches.   Ralph 
soils  are  usually  dry  and  have  argillic  horizons. 

Setting:   Sen  soils  are  nearly  level  to  rolling  on  upland  plains.   Slope  gradients  commonly 
are  3  to  8  percent,  but  range  from  1  to  15  percent.   The  soils  formed  in  calcareous  siltstone. 
The  climate  is  cool,  semiarid.   Mean  annual  temperature  ranges  from  about  38°  F.  to  45°  F., 
and  mean  annual  precipitation  from  14  to  17  inches.   Most  of  the  precipitation  comes  in  the 
spring  and  summer. 

Principal  Associated  Soils:   These  are  the  competing  Amor,  Chama,  Farland,  Grassna,  and  Morton 
soils  and. the  Cabba,  Grail,  and  Savage  soils.   Amor  soils  are  on  nearby  upland  plains  where 
the  bedrock  contains  more  sand.   Chama  soils  are  on  convex  areas  in  the  same  landscape  as  the 
Sen  soils.   Farland  soils  are  on  nearly  level  terraces.   Grassna  soils  are  in  concave  swales 
and  on  footslopes.   Morton  soils  are  on  well  drained  uplands  and  are  in  complex  with  Sen  soils, 
in  some  places.   Cabba  soils  are  on  the  crests  of  hills  and  steep  side  slopes.  They  lack  B 
horizons  and  have  siltstone  within  depths  of  20  inches.   Grail  soils  are  in  concave  swales 
and  fans  and  Savage  soils  are  on  nearly  level  terraces.   Both  soils  contain  more  than  35 
percent  clay  and  have  argillic  horizons. 

Drainage  and  Permeability:   Well  drained.   Runoff  is  slow,  medium  or  rapid.   Permeability  is 
moderate. 

Use  and  Vegetation:   Soils  are  cropped  to  small  grains  in  a  crop-summerfallow  rotation.   Native 
vegetation  is  mid  and  short  prairie  grasses  as  green  needlegrass,  needleandthread,  western 
wheatgrass,  blue  grama,  and  a  variety  of  forbs. 

Distribution  and-  Extent:   Western  North  Dakota,  northwestern  South  Dakota,  and  possibly  eastern 
Montana.   The  series  is  of  moderate  extent. 

Series  Established:   Burleigh  County,  North  Dakota,  11/19/71. 

Remarks:   The  Sen  soils  would  have  been  classified  as  Chestnut  soil  in  the  former  system. 

Additional  Data:   Typifying  pedon  laboratory  data  No.  SU70ND-44-2.   Other  data,  S58ND-17-1  and 
S59ND-17-1  in  Soil  Survey  Investigations  Report  No.  2. 
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STRAW  SERIES 


The  Stri.w  series  consists  of  deep,  veil  drained  soils  that  formed  in  mixed  Alluvium.   Straw  soils  .ire 
nearly  level  to  moderately  sloping  and  ore  on  low  terraces,  alluvial  fanr,  and  I'l  ood,>lains.   The  mean 
annual  precipitation  io  about  16  inched  and  the  mean  annual  air  temperature  is  about  A3°F. 

Taxonomic  Class:   Fine-loamy,  mixed  Cumulic  Haploborol  1  s . 

Typical  Pedon:   Straw  loam,  cultivated.   (Colors  arc  for  dry  soil  unless  otherwise  noted.) 

Ap — 0  to  10  inches;  grayish  brown  (10YR  5/2)  loam,  very  dark  grayish  brown  (10YR  3/2)  moist;  moderate 
fine  crumb  structure;  slightly  hard,  very  friable,  slightly  sticky  and  slightly  plastic;  many  fine  and  few 
■edium  roots;  many  fine  and  medium  pores;  slightly  effervescent;  mildly  alkaline  (pH  7.6);  clear  wavy 
boundary.   (A  to  8  inches  thick) 

A1Z — 10  to  27  inches;  grayish  brown  (10YU  5/2)  loam,  very  dark  grayish  brown  (10YR  3/2)  moist;  weak 
coarse  prismatic  structure;  slightly  hard,  very  friable,  slightly  sticky  and  slightly  plastic;  common  fine' 
and  very  fine  roots;  many  fine  and  very  fine  pores;  strongly  effervescent;  moderately  alkaline  (pH  8.0); 
diffuse  boundary.   (16  to  26  inches  thick) 

CI — 27  to  38  inches;  grayish  brown  (10YR  5/2)  loam,  datk  grayish  brown  (10YR  A/2)  moist;  massive; 
herd,  very  friable,  slightly  sticky  and  slightly  plastic;  few  fine  and  very  fine  roots;  many  fine  and  very 
fine  pores;  few  fine  masses  of  segregated  lime;  strongly  effervescent;  moderately  alkaline  (pH  8.0); 
gradual  wavy  boundary. 

C2--38  to  54  inches;  light  brownish  gray  (2.5Y  6/2)  silt  loan,  dark  grayish  brown  (2.5Y  A/2)  moist; 
massive;  hard,  very  friable,  slightly  sticky  and  slightly  plastic;  feu  fine  and  very  fine  roots;  common 
fine  and  very  fine  pores;  strongly  effervescent;  moderately  alkaline  (pll  8.3);  clear  smooth  boundary. 

I IC3 — 5A  to  66  inches;  light  brownish  gray  (10YK  6/2)  loamy  sand,  dark  grayish  brown  (10YR  A/?) 
moist;  massive;  soft,  very  friable,  nonsticky  and  neoplastic;  strongly  effervescent;  mildly  alkaline  ( pH 
7.6). 

Type  Location:   Cascade  County,  Montana;  500  feet  south  and  100  feet  west  of  NE  corner  of  the  SE1/A  of 
secti"on~2l~~T.18N.,  R.6E. 

Range  in  Characteristics:   The  mollic  epipedon  ranges  from  16  to  40  inches  thick.   The  10-  to  AO-inch 
control  section  averages  20  to  35  percent  clay.   Some  pedons  have  thin  lenses  of  sandy  loam  and  loamy  sand 
at  depthi:  of  less  than  A0  inches.   The  mean  annual  soil  temperature  is  A0°  to  A6°F.   The  soil  is  usually 
calcareous  throughout  but  some  pedons  are  noncalcareous  in  the  upper  7  inches.   The  hue  of  the  soil  is 
10YR  or  2.5Y. 

The  A  horizon  has  value  of  3  through  5  dry  and  2  or  3  moist.   It  is  loam,  silt  loam,  clay  loam  or  sandy 
clay  loam.   In  some  pedons,  lime  thread:.,  films,  and  nodules  are  present  in  the  lower  part  of  the  A12 
horizon  and  in  the  C  horizon.   Some  pedons  have  old  buried  A  horizons  in  the  underlying  material.   The  C 
horizon  lias  lenses  of  nonconforming  texture  in  some  pedons.   Reaction  is  neutral  to  moderately  alkaline  in 
the  A  horizon  and  mildly  or  moderately  alkaline  in  the  C   horizon. 

Competing  Series:   These  are  the  Brycan,  Frolic,  Jodero,  McGaffey  and  Nutrioso  series  in  the  same  family, 
and  the  llavrclon  series.   Brycan  soils  have  a  cambic  horizon,  are  noncalcareous  throughout  the  solum  3nd 
have  chroma  of  3  through  6  in  the  P2  and  C  horizons.   Frolic  soils  are  noncalcareous.   Havrelon  soils  lack 
a  mollic  epipedon.   Jodero  soils  have  a  mollic  epipedon  more  than  A0  inches  thick.   McGaffey  soils  have 
hue  of  5YK  or  redder.   Nutiioso  soils  have  a  mollic  epipedon  less  than  24  inches  thick. 

Geographic  Setting:   Straw  soils  are  nearly  level  to  moderately  sloping  and  are  on  low  terraces,  alluvial 
fans  and  flood  plains  with  rare  or  occasional  flooding,  and  are  at  elevations  of  2,500  to  A ,  500  feet. 
They  formed  in  calcareous  loamy  alluvium  from  mixed  rock  sources.   The  climate  is  cool  with  a  mean  annual 
temperature  of  A0*  to  A6°F.   The  mean  annual  precipitation  is  13  to  15  inches,  most  of  which  falls  in 
spring  or  early  summer.   Thc-(32°F.)  glowing  season  is  105  to  135  days. 

Ccograph  i  cal 1 y  Assoc  i a  ted  Soils:   These  arc  the  Banks,  Korchca,  Nesda  and  Rivra  soils  and  the  competinp 
Havrelon  soils.   All  ot  these  soils  except  Korchca  lack  mollic  epipedons.   Korchea  soils  have  a  mollic 
epipedon  less  than  16  inches  thick. 

Drainage  and  Permeabi 1 i  ty :   Well  drained;  slow  runoff;  moderate  pernK-abi  1  i  t  y  . 

Use  and  Vcp.otnt ion:   Straw  soils  are  used  (or  dryland  cropland,  irrigated  cropland  and  for  range.   The 
primary  nafive  vegetation  is  rough  fescue,  western  wheatgrass,  need  leand thread ,  little  bluestem,  bluehunch 
wheatgras*.  green  needlegrass,  forbs  and  thrubs. 
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Straw  Scries 

Di6trihnti oti  and  Extent:   Eastern  Hontnna  and  possibly  in  Wyoming  and  Norih  Dakota.   The  series  is  of 
model  a le  extent. 

Series  Established:   Judith  Kasin  County,  Montana,  1960. 
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Established  Series 
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6/28/79 
VEBAR  SERIES 

The  Vebar  series  consists  of  well  drained,  moderately  rapidly  permeable  soils  that  formed  in 
residuum  weathered  from  soft  calcareous  sandstone.  Depth  to  soft  standstone  ranges  from  20  to  40 
inches.   These  soils  are  on  uplands  and  have  slopes  ranging  from  0  to  50  percent.  Mean  annual 
temperature  is  42  F,  and  mean  annual  precipitation  is  16  inches. 

Taxonomic  Class:  Coarse-loamy,  mixed  Typic  Haploborolls. 

Typical  Pedon:   Vebar  fine  sandy  loam  -  on  a  SW  facing  plane  slope  of  5  percent  in  native 
grassland.   (Colors  are  for  dry  soil  unless  otherwise  stated.  Where  described  the  soil  was  moist 
throughout. ) 

A1--0  to  5  inches;  dark  grayish  brown  (10YR  4/2)  fine  sandy  loam,  very  dark  brown  (10YR  2/2) 
moist;  weak  coarse  and  medium  prismatic  structure  parting  to  weak  fine  subangular  blocky  structure; 
slightly  hard,  very  friable,  slightly  sticky,  nonplastic;  many  roots  and  fine  pores;  slightly  acid; 
gradual  wavy  boundary.  (4  to  10  inches  thick) 

B21--5  to  14  inches;  dark  grayish  brown  (10YR  4/2)  fine  sandy  loam,  dark  brown  (10YR  3/3) 
moist;  moderate  coarse  prismatic  structure  parting  to  weak  medium  subangular  blocky  structure; 
slightly  hard,  very  friable,  slightly  sticky,  nonplastic;  many  fine  roots  and  pores;  slightly  acid; 
gradual  wavy  boundary.  (4  to  12  inches  thick) 

B22--14  to  19  inches;  brown  (10YR  5/3)  fine  sandy  loam,  brown  (10YR  4/3)  moist;  moderate  coarse 
prismatic  structure  parting  to  weak  medium  and  fine  subangular  blocky  structure;  slightly  hard, 
very  friable,  slightly  sticky,  nonplastic;  common  fine  roots  and  pores;  neutral;  clear  wavy 
boundary.   (0  to  10  inches  thick) 

B3--19  to  26  inches;  brown  (10YR  5/3)  fine  sandy  loam,  brown  (10YR  4/3)  moist;  weak  coarse 
prismatic  structure;  slightly  hard,  very  friable,  nonsticky,  nonplastic;  few  roots,  common  fine 
pores;  neutral;  clear,  very  wavy  boundary.  (0  to  12  inches  thick) 

C--26  to  32  inches;  light  yellowish  brown  (2.5Y  6/4)  fine  sandy  loam,  light  olive  brown  (2.5Y 
5/4)  moist;  massive;  slightly  hard,  very  friable,  nonsticky,  nonplastic;  few  hard  sandstone 
fragments;  few  small  sandstone  fragments;  few  small  lime  accumulations;  strong  effervescence  (2 
percent  lime);  mildly  alkaline;  clear  wavy  boundary.  (2  to  10  inches  thick) 

Cr--32  to  60  inches;  light  yellowish  brown  (2.5Y  6/4)  soft  massive  calcareous  sandstone;  lense 
of  hard  sandstone  3  inches  thick  at  43  inches;  some  lime  accumulations  around  hard  fragments;  strong 
effervescence  (6  percent  lime)  in  upper  part;  slight  effervescence  in  lower  part  (1  percent  line); 
moderately  alkaline. 

Type  Location:   Stark  County,  North  Dakota;  about  6  miles  south  and  5  1/2  miles  east  of 
Dickinson;  355  feet  south  and  70  feet  east  of  the  NW  corner  of  the  NE  quarter  of  sec.  16,  T.  138  N.  , 
R.  95  W. 

Range  in  Characteristics:  Solum  thickness  typically  is  about  26  inches  and  ranges  between  15 
and  40  inches.   Depth  to  soft  sandstone  ranges  from  20  to  40  inches.  The  mollic  epipedon  ranges 
from  7  to  16  inches  in  thickness.  In  most  pedons  the  soft  sandstone  contains  free  carbonates.  Some 
pedons  have  an  accumulation  of  lime  at  the  bottom  of  the  solum  or  the  upper  part  of  the  sandstone. 

The  Al  horizon  has  hue  of  10YR,  value  of  3  to  5  and  2  or  3  moist,  and  chroma  of  2  or  3  dry  or 
moist.  It  typically  is  fine  sandy  loam,  but  some  is  sandy  loam  or  light  loam.  The  A  horizon  ranges 
from  slightly  acid  to  mildly  alkaline. 

The  B2  horizon  has  hue  of  10YR  or  2.5Y,  value  of  4  to  6  and  3  or  4  moist,  and  chroma  of  2  to  4 
dry  or  moist.   It  typically  is  fine  sandy  loam,  but  some  is  sandy  loam  or  light  loam.  The  B  horizon 
has  weak  or  moderate  coarse  or  medium  prismatic  structure  that  parts  easily  to  weak  or  moderate 
subangular  blocky  structure.   It  is  slightly  acid  to  mildly  alkaline  in  the  upper  part  and  neutral 
to  moderately  alkaline  in  the  lower  part. 
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The  C  horizon  has  hue  of  10YR,  2.5Y  or  5Y ,  value  of  5  to  7  and  4  to  6  aoist,  and  chroma  of  2  to  4 
dry  or  moist.  Typically  it  is  fine  sandy  loam  or  loamy  fine  sand,  but  some  is  sandy  loam.  The  soft 
sandstone  crushes  to  loamy  fine  sand  or  fine  sandy  loam.  Thin  ledges  or  concretion-like  pipes  of 
hard  sandstone  are  in  some  pedons. 

Competing  Series:   These  are  the  Belain,  Bitterroot,  Hopley,  Mott,  Panguitch,  Relan,  Tally, 
and  Victor  series  in  the  same  family  and  Cohagen,  Lihen,  Manning,  Parshall,  Rhame,  Telfer,  and  Velva 
series.   Bitterroot  and  Hopley  soils  are  dominately  loam  in  the  series  control  section.  Belain 
soils  have  a  lithic  contact  of  depth  of  20  to  40  inches.  Mott,  Panguitch,  Tally  and  Victor  soils 
lack  paralithic  beds  between  depths  of  20  and  40  inches.  In  addition,  Panguitch  soils  contain  20  to 
35  percent  by  volume  of  coarse  fragments  and  are  formed  in  alluvium  derived  from  volcanic  materials; 
and  the  Victor  soils  have  a  sandy-skeletal  substrata  at  depths  of  about  40  inches.  Relan  soils  have 
hue  of  7.5YR  or  redder  throughout  the  series  control  section.  Cohagen  soils  lack  mollic  epipedons 
and  have  paralithic  beds  at  depths  of  less  than  20  inches.  Lihen,  Manning,  Parshall,  Telfer  and 
Velva  soils  lack  paralithic  beds  between  depths  of  20  and  40  inches.   In  addition,  the  Lihen  and 
Parshall  soils  have  mollic  epipedons  more  than  16  inches  thick;  and  Telfer  soils  are  sandy  and  the 
Velva  soils  have  an  irregular  decrease  in  organic  matter  content;  and  Manning  soils  have  sand  and 
gravel  at  depths  of  16  to  40  inches.  Rhame  soils  are  usually  dry. 

Geographic  Setting:  Vebar  soils  are  on  nearly  level  to  rolling  uplands.  Slopes  are  plain  or 
convex.  Slope  gradients  range  from  0  to  50  percent.  The  soils  formed  in  residuum  weathered  from 
soft  calcareous  sandstone.  The  climate  is  cool  and  semiarid.  Mean  annual  temperature  ranges  from 
38  to  45  JF  and  mean  annual  precipitation  from  14  to  17  inches.  Most  of  the  precipitation  comes  in 
the  spring  and  summer. 

Geographically  Associated  Soils:   These  are  the  competing  Cohagen,  Parshall  and  Tally  soils 
and  the  Armor,  Arnegard,  Flasher,  Morton,  Sen  and  Shambo  soils.  Cohagen  soils  are  on  steep  hilltops 
and  ridges.   Parshall  and  Tally  soils  are  on  concave  swales,  terraces,  and  less  sloping  areas. 
Amor,  Arnegard,  Morton,  Sen  and  Shambo  soils  contain  more  clay  and  silt  and  less  sand  than  the  Vebar 
soils.  They  are  on  nearby  uplands,  swales,  and  terraces.  Flasher  soils  have  paralithic  beds  at 
depths  of  less  than  20  inches  and  have  sandy  textures.  They  are  on  nearby  hilltops  and  ridges. 

Drainage  and  Permeability:   Well  drained.   Surface  is  slow  or  medium.   Permeability  is 
moderately  rapid  above  paralithic  beds. 

Use  and  Vegetation:   Soils  are  cropped  to  corn  and  small  grains.   Some  is  used  for  hay  or 
pasture.  Native  grasses  are  needleandthread,  prairie  sandreed,  prairie  junegrass  and  sun  sedge. 

Distribution, and  Extent:  Western  North  Dakota,  eastern  Montana , northwestern  South  Dakota, 
and  western  Nebraska.   The  6eries  is  extensive. 

Series  Established:  Wibaux  County,  Montana,  1943. 

Additional  Data:  S  54NDak-45-2,  pages  258  and  259,  Soil  Survey  Investigations  No.  2. 
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TEMVIK  SERIES 


The  Temvlk  series  consists  of  deep,  well  drained,  moderately  slowly  permeable  soils  that  formed  in  a 
silty  mantle  overlying  glacial  till.  These  soils  are  on  upland  plains  and  have  slopes  of  1  to  15  percent. 
Mean  annual  temperature  is  42°  F,  and  mean  annual  precipitation  is  16  inches. 

Taxonomic  Class:   Fine-silty,  mixed  Typic  Haploborolls. 

Typical  Pedon :   Temvik  silt  loam  -  near  the  crest  of  a  convex  north  facing  1  percent  slope  in  a  cultivated 
field.   (Colors  are  for  dry  soil  unless  otherwise  stated.   Where  described  the  soil  was  moist  throughout.) 

Ap — 0  to  7  inches;  dark  grayish  brown  (10YR  4/2)  silt  loam,  very  dark  brown  (10YR  2/2)  moist;  weak  medium 

subangular  blocky  and  weak  fine  granular  structure;  slightly  hard,  very  friable,  slightly  sticky,  slightly 

plastic;  many  roots;  many  very  fine  pores;  neutral;  abrupt  smooth  boundary.   (Ap  and  Al  horizons  5  to  13 
inches  thick.) 

B21 — 7  to  11  inches;  dark  grayish  brown  (10YR  4/2)  silt  loam,  very  dark  grayish  brown  (10YR  3/2)  moist; 
moderate  coarse  prismatic  structure  parting  to  moderate  medium  prismatic  and  weak  medium  subangular  blocky; 
slightly  hard,  very  friable,  slightly  sticky,  slightly  plastic;  many  roots;  many  pores;  thin  clay  films  on 
vertical  faces  and  common  thin  clay  films  on  horizontal  faces  of  peds;  few  thin  tongues  of  Ap  extend  into  this 
horizon;  neutral;  gradual  wavy  boundary. 

B22 — 11  to  20  inches;  brown  (10YR  5/3)  silt  loam,  dark  brown  (10YR  4/3)  moist;  moderate  coarse  and  medium 
prismatic  structure  parting  to  moderate  coarse  and  medium  subangular  blocky;  slightly  hard,  very  friable, 
slightly  sticky,  slightly  plastic;  comiLon  roots;  common  fine  pores;  thin  clay  films  on  faces  of  peds;  neutral; 
clear  wavy  boundary.   (Combined  B2  horizons  10  to  24  inches  thick.) 

B3 — 20  to  24  inches;  pale  brown  (10YR  6/3)  silt  loam,  brown  (10YR  4/3)  moist;  weak  coarse  prismatic 

structure  parting  to  moderate  medium  subangular  blocky;  slightly  hard,  very  friable,  slightly  sticky,  slightly 

plastic;  few  roots;  common  fine  pores;  few  pebbles  and  stones  at  the  base  of  this  horizon;  neutral;  clear  wavy 
boundary.   (0  to  9  inches  thick) 

IlClca — 24  to  36  inches;  light  brownish  gray  (2.5Y  6/2)  clay  loam,  olive  brown  (2.5Y  4/4)  moist;  common 
fine  distinct  yellowish  brown  (10YR  5/4)  mottles;  weak  coarse  prismatic  structure  parting  to  weak  coarse  and 
medium  subangular  blocky;  hard,  friable,  sticky,  plastic;  about  3  percent  gravel;  many  medium  and  few  large 
soft  masses  of  lime;  strong  effervescence;  moderately  alkaline;  gradual  wavy  boundary. 

IIC2ca — 36  to  44  inches;  light  olive  gray  (5Y  6/2)  clay  loam,  olive  brown  (2.5Y  4/4)  moist;  few  small 
prominent  strong  brown  (7.5YR  5/6)  mottles;  weak  coarse  and  fine  subangular  blocky  structure;  hard,  friable, 
sticky,  plastic;  about  3  percent  gravel;  common  masses  of  lime;  strong  effervescence;  moderately  alkaline; 
gradual  boundary.   (Combined  Cca  is  12  to  24  inches  thick.) 

IIC3 — 44  to  60  inches;  light  olive  gray  (5Y  6/2)  clay  loam,  olive  gray  (5Y  5/2)  moist;  weak  subangular 
blocky  structure;  hard,  firm,  sticky,  plastic;  about  3  percent  gravel;  few  small  soft  masses  of  lime;  strong 
effervescence;  moderately  alkaline. 

Type  Location:   Emmons  County,  North  Dakota;  about  1/2  mile  north  of  Hazelton;  280  feet  east  and  2,605 
feet  north  of  the  SW  corner  of  sec.  20,  T.  135  M. ,  it.  76  W. 

Range  In  Characteristics:   The  solum  typically  is  about  24  inches  thick  and  ranges  between  16  and  34 
inches.   The  silty  material  is  20  to  40  inches  thick  over  the  underlying  glacial  till.   This  silty  material 
contains  between  18  and  about  28  percent  clay.   The  soil  ranges  from  neutral  in  the  upper  horizons  to  strongly 
alkaline  in  the  lower  horizons.   The  molllc  eplpedon  ranges  from  7  to  16  Inches  in  thickness. 

The  A  horizon  has  hue  of  10YR,  value  of  4  or  5  and  2  or  3  moist,  and  chroma  of  2  or  3  dry  or  moist.   It 
typically  is  silt  loam  and  less  commonly  light  silty  clay  loam,  loam,  or  light  clay  loam  and  contains  between 
10  and  30  percent  very  fine  sand. 

The  B2  horizon  has  hue  of  10YH  or  2.5Y,  value  of  4  through  6  and  3  or  4  moist,  and  chroma  of  2  through  4 
dry  or  moist.   It  typically  is  silt  loam  and  less  commonly  light  silty  clay  loam,  loam,  or  light  clay  loam  and 
contains  between  10  and  30  percent  very  fine  sand.   The  lower  part  of  the  B2  horizon  and  the  B3  horizon  extends 
into  the  underlying  glacial  till  in  some  pedons.   Some  pedons  have  B3ca  horizons. 

The  IlCca  horizon  has  hue  of  2.5Y  or  5Y,  value  of  5  through  7  dry  and  4  through  6  moist,  and  chroma  of  2 
through  4  dry  or  moist.   It  is  clay  loam  or  heavy  loam.   It  has  few  through  many  soft  masses  of  segregated 
lime  and  contains  from  4  to  20  percent  calcium  carbonate  equivalent. 

The  lower  IIC  horizon  has  hue  of  2.5Y  or  5Y,  value  of  4  through  7  and  4  through  6  moist,  and  chroma  of  2 
through  4  dry  or  moist.   It  is  heavy  loam  or  clay  loam  glacial  till  containing  2  to  8  percent  coarse  fragments. 
Soft  bedded  sandstone,  slltstone,  or  shale  is  below  depths  of  40  inches  in  some  pedons. 

Competing  Series:   These  are  the  Bryant,  Chama,  Golva,  Omio,  Peritsa,  and  Sen  series  in  the  same  family 
and  the  Agar,  Eakln,  Farland,  Crassna,  Linton,  Lowry,  Max,  Williams,  and  Wilton  series.   Bryant  soils  formed 
entirely  in  glacial  drift  and  contain  more  sand  in  the  upper  part  of  the  solum.   Chama  and  Golva  soils  have 
calcic  horizons  and  lack  glacial  till  IIC  horizons.    Omio  and  Sen  soils  have  soft  slltstone  bedrock  within 
depths  of  40  inches.   Peritsa  soils  contain  free  carbonates  within  depths  of  14  inches  or  less  and  have  hue  of 
5YR  or  redder  throughout  the  soil.   Agar,  Eakln,  and  Lowry  soils  have  mesic  temperatures.   Farland  soils  have 
argilllc  horizons  and  silty  sediments  to  depths  of  40  inches  or  more.   Crassna  soils  have  molllc  eplpedons 
commonly  24  inches  or  more  thick.   Linton  soils  are  coarse-sllty .   Hajc  and  Williams  soils  are  fine-loamy.   In 
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addition,  Williams  coils  have  argllllc  horizons.   WlltoD  soils  arc  pachic. 

Geographic  Setting:   Temvik  soils  are  on  nearly  level  to  rolling  upland  plains.   Slopes  are  domlnantly 
smooth  plane  or  convex.   Slope  gradients  typically  are  1  to  5  percent  but  range  to  15  percent.   The  soil 
formed  in  a  silty  mantle  overlying  loam  or  clay  loam  glacial  till.   Mean  annual  temperature  ranges  from  38°  to 
45°  F  and  mean  annual  precipitation  from  15  to  18  inches. 

Geographically  Associated  Soils:   These  are  the  competing  Grassna,  Linton,  and  Williams  soils  and  the 
Kandan  soils.   Grassna  soils  are  in  concave  swales.   Linton  soils  are  formed  where  the  silty  deposits  are  more 
than  40  inches  thick.   Williams  soils  are  on  adjacent  glacial  till  plains  and  typically  on  higher  lying  parts 
of  the  landscape.   The  associated  Mandan  soils  have  mollic  epipedons  more  than  16  inches  thick  and  contain 
less  than  18  percent  clay  throughout  the  series  control  section.  They  are  In  concave  swales. 

DralnaRe  and  Permeability:   Well  drained;  surface  runoff  is  moderate  or  moderately  rapid.  Permeability  la 
•oderate  in  the  upper  part  of  the  profile  and  moderately  slow  in  the  1IC  horizons. 

Use  and  Vegetation:   Soils  are  commonly  cropped  to  flax,  small  grains,  and  corn.   Some  areas  are  used  for 
hay  and  pasture.   Native  vegetation  is  green  needlegrass,  needleandthread,  western  vheatgrass,  blue  grama, 
upland  sedges,  and  forbs. 

Distribution  and  Extent:   Central  North  Dakota  and  north-central  South  Dakota  adjacent  to  the  Missouri 
River.   The  series  is  of  large  extent. 

Series  Established:   Burleigh  County,  North  Dakota,  1971. 

Remarks:   The  silty  mantle  is  thinner  than  typical  for  the  range  of  the  series  and  thus  there  is  more 
sand  in  the  10-  to  40-inch  control  section  than  normal  for  the  series. 

Additional  Data:   S54NDak-15-l  and  S54NDak-15-2  published  in  Soil  Survey  Investigations  Report  No.  2. 
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WILLIAMS  SERIES 

The  Williams  series  consists  of  deep,  welJ  drained,  moderately  slow  cr  slowly  permeable  soils 
formed  in  calcareous  glacial  till.  These  soils  are  on  glacial  till  plains  and  have  slopes  of  0  to 
;;5  percent.   Mean  annual  temperature  is  about  40   F,  and  mean  annual  precipitation  is  about  J4 
inches 

Taxonomic  Class:  Fine-loamy,  mixed  Typic  Argiborolls. 

Typical  Pedon:   Williams  loam  -  cultivated.   (Colors  are  for  dry  soil  unless  otherwise 
stated.) 

Ap--0  to  6  inches;  dark  grayish  brown  (10VR  4/2)  loam,  very  dark  brown  (10YR  2/2)  moist;  weal: 
medium  subangular  blocky  structure  parting  to  moderate  fine  granular;  very  friable;  many  roots; 
many  fine  pores;  few  pebbles;  neutral;  abrupt  smooth  boundary.   (4  to  9  inches  thick) 

'B21t--6  to  10  inches;  brown  (10YR  4/3)  clay  loam,  dark  brown  (10YR  3/3)  moist;  strong  mediuai 
prismatic  structure  parting  to  strong  medium  and  fine  angular  blocky;  friable,  sticky;  many  roots; 
many  fine  pores;  many  very  dark  brown  and  very  dark  grayish  brown  (10YR  2/1!  and  10YR  3/2)  moist  clay 
films  on  faces  of  peds  ard  surfaces  of  pores;  few  pebbles;  neutral;  clear  wavy  boundary. 

B22t--10  to  15  inches;  grayish  brown  (10YR  5/2)  clay  loam,  dark  grayish  brown  (10YR  4/2)  moist; 
moderate  medium  prismatic  structure  parting  to  strong  mediun  subangular  blocky;  friable;  common 
ioots:  few  riiarse  and  few  fine  pores;  many  very  dark  grayish  brown  (10YP.  3/2)  moist  clay  films  en 
laces  of  ped:;  and  surfaces  of  pores;  clay  films  decrease  in  amount  and  thickness  with  increasing 
cepth;  mildly  alkaline;  clear  wavy  boundary.   (Combined  B2t  horizons  5  to  20  inches  thick) 

B3ca--1!>  to  24  inches;  light  olive  brown  (2.5V  5/4)  light  clay  loam,  olive  brown  (2.5Y  4/4) 
noist;  moderate  coarse  prismatic  structure  parting  to  moderate  medium  and  fine  subangular  blocky; 
lriable:  few  roots;  common  fine  pores;  few  dark  grayish  brown  (10YP.  4/2)  moist  clay  films;  few 
pebbles  coated  with  lime  on  under  sides;  few  soft  masses  of  lime;  strong  effervescence;  mildly 
alkaline;  gradual  wavy  boundary.   (0  to  15  inches  thick) 

Clca--2<«  to  36  inches;  light  olive  brown  (2.5Y  5/4)  and  light  gray  (2.5Y  7/2)  loam,  olive  browr. 
(2.5Y  4/4)  moist;  weak  coarse  prismatic  structure  parting  to  weak  medium  subangular  blocky; 
friable;  few  roots;  few  cobbles  and  one  large  boulder  at  36  inches;  many  soft  masses  of  line; 
violent  effervescence;  moderately  alkaline;  gradual  wavy  boundary.  (3  to  20  inches  thick) 

C2--36  to  60  inches;  light  yellowish  brown  (2.5Y  6/4)  loam,  light  olive  brown  (2.5Y  5/4)  moist; 
few  prominent  yellowish  brown  (10YR  ;>/6)  and  light  gray  (10YT!  7/2)  mottle's.;  weak  medium  and  fine 
subangular  blocky  structure;  friable  in  upper  part  and  gradually  becoming  firm  at  60  inches;  few 
fine  roots;  few  pores;  few  p^hhle?  ano  cobbles;  strong  effervescence;  moderately  alkaline. 

Type  Location:  Mountrail  County,  North  Dakota;  about  11  miles  north  and  4  miles  west  of  White 
Earth;  1,050  feet  east  and  60  feet  south  of  the  KW  corner  of  sec.  5,  T.  158  N.  ,  R.  94  W. 

Range  in  Characteristics:  Solum  thickness  and  depth  to  free  carbonates  ranges  from  10  to  30 
inches.  Thp  soil  tvpicallv  contains  1  to  10  nercent  rock  fra°ments  but  ran°es  up  to  20  nercent . 
The  A  horizon  has  10YR  hue,  value  of  3  through  5  ard  2  or  3  moist  and  chroma  of  2.  Some  pedons  in 
native  grassland  have  a  moist  chroma  of  less  thar  1.5  in  the  upper  1  to  3  inches.  It  typically  is* 
loam  but  some  is  clay  loam,  sandy  loam,  fine  sancy  loam,  or  silt  loam.  The  B  horizon  has  10YR  or 
2.5Y  hue,  vai.ue  of  4  through  6  and  3  through  5  moist,  and  chroma  of  2  or  3.  It  is  loam  or  clay  loan 
and  contains  24  to  35  percent  clay.  It  has  strong  or  moderate,  medium  or  coarse  prismatic  structure 
char  narts  to  st  ron°  or  moderate  nv?dium  or  fine  an°ular  or  subangular  blockv  structure.  The 
Cca  horizon  has  disseminsted  and  segregated  lime  in  the  form  of  soft  masses.  The  C  horizon  has  2.5Y 
or  5Y  hue,  value  of  5  through  8  and  3  through  6  nois;,  and  chroma  of  2  through  4.  It  is  loam  or  cla^ 
loam. 
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Compe t ing  Series:   These  are  the  Adiv,  Daniels,  Dooley,  Empedrado,  Fairfield,  Farnuf,  Felor, 
Lefor,  Livona,  Martinsdale,  Moen,  Reeder,  Roundley,  Trag,  Vida,  Watrous,  Wemple,  and  Yegen  series 
in  the  same  family  and  the  Barnes,  Bowbells,  Joplin,  Kevin,  Max,  and  Yeoman  series.   Adiv  soils 
have  formed  in  alluvium  and  have  argillic  horizons  within  depths  of  2  to  4  inches.  Daniels  and 
Martinsdale  soils  have  formed  in  alluvium  and  have  IIC  and  IIIC  horizons.  Dooley  soils  have  formed 
in  alluvial  or  eolian  sediments  over  glacial  till  and  have  sandy  clay  loam  B2t  horizons.   Empedrado 
soils  have  formed  in  igneous  material  on  uplands  and  fans  and  commonly  have  thicker  sola.  Fair- 
field soils  have  formed  in  alluvium  and  are  less  than  10  inches  deep  to  the  base  of  the  argillic 
horizons.   Farnuf  soils  have  formed  in  alluvium  and  commonly  are  more  alkaline.  Felor  soils 
formed  in  loamy  sediments  overlying  clayeey  sediments.  Lefor,  Reeder  and  Roundley  soils  have  a 
paralithic  contact  within  depths  of  20  to  40  inches.  Livona  soils  have  fonned  in  eolian  sediments 
over  glacial  till.  Moen  and  Watrous  soils  have  lithic  contact  within  depths  of  20  to  40  inches. 
Trag  soils  lack  horizons  of  carbonate  accumulations.  Vida  soils  have  formed  in  till  and  are  less 
than  10  inches  deep  to  the  base  of  the  argillic  horizon.  Wetnple  soils  have  formed  in  alluvium  and 
are  underlain  with  material  high  in  volcanic  ash.  Yegen  soils  have  formed  in  uplands  and  fans  and 
have  sandy  clay  loam  B2t  horizons.   Barnes,  Max,  and  Yeoman  soils  lack  argillic  horizons.   Bowbells 
soils  are  pachic.   Joplin  and  Kevin  soils  are  drier. 

Geographic  Setting:   Williams  soils  are  on  nearly  level  to  steep  slopes  of  glacial  till 
plains.   Slopes  commonly  are  less  than  9  percent  but  range  from  0  to  35  percent.   The  soils  formed 
in  calcareous  glacial  till  of  mixed  minerology.  Mean  annual  temperature  ranges  from  38°  to  45°F 
and  mean  annual  precipitation  from  13  to  17  inches. 

Geographically  Associated  Soils:   These  are  the  competing  Bowbells  and  Max  soils  and  the 
Arnegard,  Hamerly,  Niobell,  Noonan,  Parnell,  Tonka,  and  Zahl  soils.  Bowbells  soils  are  on  nearby 
nearly  level  concave  swales.   Max  soils  are  on  nearby  more  convex  slopes.  Arnegard  soils  are 
pachic  and  are  on  nearby  concave  swales.   Hamerly  soils  are  somewhat  poorly  drained  and  have  calcic 
horizons  within  depths  of  16  inches.   They  are  associated  with  Williams  soils  in  some  areas. 
Niobell  and  Noonan  soils  have  natric  horizons  and  are  in  complex  with  Williams  soils  in  some  areas. 
Tonka  and  Parnell  soils  are  poorly  and  very  poorly  drained  and  are  in  nearby  basins.   Zahl  soils 
have  a  thinner  sola  and  lack  argillic  horizons.  They  are  on  nearby  steeper  convex  slopes. 

Drainage  and  Permeability:  Well  drained.  Medium  or  rapid  runoff.  Permeability  is  moderately 
slow  or  slow. 

Use  and  Vegetation:   Cultivated  areas  are  used  for  growing  small  grains,  flax,  corn,  hay,  or 
pasture.   Native  vegetation  is  western  wheatgrass,  needleand thread,  blue  grama,  green  needlegrass, 
and  prairie  junegrass. 

Distribution  and  Extent:   North-central  South  Dakota,  central  and  northwestern  North  Dakota, 
and  northeastern  Montana.   The  soil  is  extensive. 

Series  Established:   Williams  County,  North  Dakota,  1906. 

Additional  Data:   See  data  in  Soil  Survey  Investigation  Report  No.  2. 
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ZAHL  SERIES 

The  Zahl  series  consists  of  deep,  well  drained,  moderately  slow  or  slowly  permeaMe  soils  that 

formed  in  calcareous  glacial  till.  These  soils  are  on  glacial  till  plains,  moraines  and  valley 

sideslopes  and  have  slopes  of  1  to  35  percent.  Hem  annual  temperature  is  40  F,  and  mean  annual 
precipitation  is  14  inches . 

Taxonomic  Class:  Fine-loamy,  mixed  Entic  Haploborolls. 

Typical  Pedon:   Zahl  loam  -  native  grassland.   (Colors  are  for  dry  soil  unless  otherwise 
stated.) 

A1--0  to  5  inches;  dark  grayish  brown  (10YR  4/2)  loam,  very  dark  brown  (10YR  2/2)  moist;  wea.< 
medium  subangular  blocky  structure  parting  to  weak  medium  granular;  friable;  many  roots;  many  fine 
pores;  strong  effervescence;  mildly  alkaline;  clear  wavy  boundary.  (4  to  8  inches  thick) 


Clca--5  to  20  inches;  light  brownish  gray  (2.5V  6/2)  loam,  dark  grayish  brown  (2.5Y  4/2)  moist; 
weak  medium  and  fine  subangular  blocky  structure;  friable;  common  roots;  many  fine  pcrcs;  few  small 
stones;  many  soft  masses  of  lime;  violent  ef feverscence;  moderately  alkaline;  gradual  wavy 
boundary.  (8  to  20  inches  thick) 

C2--20  to  60  inches;  light  yellowish  brown  and  light  olive  brown  (2.5Y  6/4  and  2.5Y  5/4)  clay 
loam,  olive  brown  and  light  olive  brown  (2.5Y  4/4  and  2.5Y  5/4)  moist;  common  faint  and  distinct 
mottles  and  streaks  of  olive  gray  and  gray  (5Y  5/2  and  5Y  5/0)  moist;  lamin;:r  parting  to  weak  medium 
and  fine  subangular  blocky  structure;  friable;  few  roots  to  depth  of  40  inches;  few  stones;  strong 
effervescence;  moderately  alkaline. 

Type  Location:  Mountrail  County,  North  Dakota;  about  7  miles  east  and  1  mile  north  of  Stanley; 
305  feet  west  of  the  NE  corner  of  the  NW1/4  of  sec.  14,  T.  156  N.,  R.  90  V.  on  south  side  of  road 
right-of-way  fence. 

Range  in  Characteristics:  The  10-  to  40-inch  control  section  is  loam  or  clay  loam  averaging 
between  20  and  30  percent  clay,  20  to  40  percent  fine  and  coarser  sand  and  1  to  10  percent  pebble:; 
and  stones.  The  A  horizon  has  hue  of  10YR  or  2.5Y,  value  of  3  through  5  and  2  or  3  moist,  and  chroma 
of  2.  However,  some  pedons  have  a  thin  Al  horizon  with  a  chroma  of  1.  The  A  horizon  is  loam  or  clay 
loan.  It  is  gravelly  in  some  pedons.  Seme  pedons  have  AC  horizons.  The  C  horizon  has  hue  of  2.5Y 
or  5Y,  value  of  5  through  7  and  4  through  6  moist,  and  chroma  of  2  through  4.  Some  pedons  have 
bedded  shale  below  depths  of  40  inches. 

Competing  Series:  These  are  the  Barvon  series  in  the  family  and  the  Arnegard,  Ruse,  Esmond, 
Max,  Williams  and  Zahill  series.   Barvon  soils  are  20  to  40  inches  deep  to  sandstone  or  shale. 
Arnegard  soils  are  parbic.   Buse  and  Esmond  soils  have  chromas  of  1  in  the  upper  7  inches  or  more  of 
the  A  horizon.  Max  soils  have  cambic  horizons.  Williams  soils  have  argillic  horizons.  Zahill 
soils  lack  mollic  epipedons . 

Geographic  Setting:   Zahl  soils  are  on  nearly  level  to  steep  slopes  of  glacial  till  plains, 
moraines  and  valley  sides.  Slopes  are  commonly  6  to  15  percent  but  range  from  1  to  35  percent.  The 
soil  formed  in  calcareous  glacial  till.   Mean  annual  temperature  is  38   to  45  F,  and  mean  annua] 
precipitation  ranges  from  12  to  16  inches. 

Geographically  Associated  Soils:  These  are  the  competing  Arnegard,  Max  and  Williams  soils  and 
the  Bowbells,  Parnell  and  Tonka  soils.  Arnegard  and  Bowbells  soils  are  on  smooth  slopes  and  concave- 
positions.  Bowbells  soils  are  pachic.  Max  and  Vvilliams  soils  commonly  are  on  more  gentle  slopes. 
Parnell  and  Tonka  soils  are  in  low  basins  and  arc  poor  and  very  poorly  drained. 

Drainage  and  Permeability:  Well  drained.   Runoff  is  rapid.   Permeability  is  moderately  slow 
or  slow. 

Use  and  Vegetation:   Used  mainly  for  range  ard  pasture   Some  area;;  are  cropped  to  small 
grains.  Native  vegetation  is  little  bluestem,  'western  "heatgrass  and  needj candthread. 
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Distribution  and  Extent:  Central  and  northwestern  North  Dakota,  north  central  South  Dakota 
.»nd  northeastern  Montana.  The  soil  is  extensive;. 

Series  Established:  Wibaux  County,  Montana,  1944. 

Remarks:  In  some  areas  these  soils  are  borderline  Calciborolls. 

Additional  Data:  Laboratory  sample  SU72ND-28-6  North  Dakota  Agricultural  Experiment  Station. 
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WERNER  SERIES 


The  Werner  series  is  a  loamy,  mixed,  shallow  Entic  Haploborolls.   Typically,  Werner  soils  have 
dark  grayish  brown  loam  Al  horizons,  grayish  brown  friable  loam  AC  horizons,  light  yellowish 
brown  loam  Cca  horizons,  and  soft  argillaceous  sandstone  and  shale  at  a  depth  of  about  17 
inches. 

Typical  Pedon:  Werner  loam  -  on  an  east-northeast  facing  convex  slope  of  18  percent 
in  native  grass.  (Colors  are  for  dry  soil  unless  otherwise  stated.  Where  described,  the 
soil  was  moist  throughout.) 

Al — 0  to  6  inches;  dark  grayish  brown  (10YR  4/2)  loam,  very  dark  grayish  brown  (10YR  3/2) 
moist;  weak  medium  subangular  blocky  structure  parting  to  moderate  very  fine  subangular  blocky; 
hard,  friable,  slightly  sticky,  slightly  plastic;  many  roots;  many  fine  pores;  few  small  stones; 
neutral;  clear  wavy  boundary.   (4  to  10  inches  thick) 

AC — 6  to  13  inches;  grayish  brown  (2.5Y  5/2)  loam,  very  dark  grayish  brown  (2.5Y  3/2) 
moist;  weak  medium  prismatic  structure  parting  to  weak  medium  and  fine  subangular  blocky; 
•lightly  hard,  friable,  slightly  sticky,  slightly  plastic;  many  roots;  common  fine  pores;  few 
small  pebbles;  few  fine  soft  masses  of  carbonates;  slight  effervescence;  mildly  alkaline; 
clear  wavy  boundary.   (3  to  7  inches  thick) 

Clca — 13  to   17  inches;  light  yellowish  brown  (2.5Y  6/4)  loam,  light  olive  brown  (2.5Y  5/4) 
moist;  weak  medium  prismatic  structure  parting  to  weak  fine  subangular  blocky  structure;  hard, 
friable,  slightly  sitcky,  slightly  plastic;  common  roots;  few  fine  pores;  few  pebbles;  common 
fine  soft  masses  of  carbonates;  strong  effervescence;  moderately  alkaline;  clear  wavy  boundary. 
(0  to  5  inches  thick) 

C2r — 17  to  30  inches;  pale  yellow  (2.5Y  7/4)  soft  argillaceous  sandstone;  massive  but 
fractures  to  plates;  few  roots  in  cracks;  carbonate  accumulations  in  cracks;  slight  effer- 
vescence; moderately  alkaline;  gradual  boundary.   (6  to  40  inches  thick) 

C3r — 30  to  60  inches;  light  gray  (5Y  7/2)  soft  shale  and  sandstone  strata,  olive  gray 
(5Y  5/2)  moist;  light  yellowish  brown  and  yellow  (10Y  6/4  and  2.5Y  7/6)  on  faces  of  plates 
and  blocks;  slight  effervescence;  moderately  alkaline. 

Type  Location:   Burleigh  County,  North  Dakota;  about  4^  miles  north  and  1  mile  west  of  Bismarck; 
1585  feet  north  and  150  feet  west  of  the  SE  corner,  Sec.  31,  T.  140  N.,  R.  80  W. 

Range  in  Characteristics:   Depth  to  soft  bedrock  ranges  from  7  to  20  inches.   The  solum  contains 
as  much  as  5  percent  fragments  coarser  than  2  mm  and  a  few  stones  larger  than  3  inches  in 
diameter.   The  soil  ranges  from  neutral  in  the  upper  horizons  to  strongly  alkaline  in  the  lower 
horizons.   The  Al  horizon  has  10YR  or  2.5Y  hue,  value  of  4  or  5,  and  2  or  3  moist  and  chroma 
of  2  or  3  dry  or  moist.   It  typically  is  loam  but  some  is  silt  loam,  clay  loam,  silty  clay  loam, 
very  fine  sandy  loam,  or  sandy  loam.   It  typically  lacks  free  carbonates  except  where  mixed  by 
tillage.   The  AC  horizon  has  10YR  or  2.5Y  hue,  value  of  4  through  6  and  3  or  4  moist  and  chroma 
of  2  through  4  dry  or  moist.   It  is  very  fine  sandy  loam,  silt  loam,  loam,  or  light  clay  loam 
and  contains  1  to  10  percent  calcium  carbonate  equivalent.   Some  of  the  carbonates  are  in  soft 
masses  on  the  faces  of  peds  and  around  pores.   The  Cca  horizon  has  2.5Y  hue,  value  of  5  through 
7  and  4  or  5  moist,  and  chroma  of  2  through  4  dry  or  moist.   The  underlying  material  is  soft 
massive  or  platy  fine  grained  sandstone  or  interbedded  sandstone,  siltstone,  and  shale. 

Competing  Series  and  Their  Differentiae:   There  are  no  other  series  in  the  family.   Other 
competing  series  are  the  Abac,  Andes,  Barvon,  Cabba,  Cohagen,  Kloten,  and  Wayden  series.  Abac, 
Cabba,  Cohagen,  and  Wayden  soils  all  lack  mollic  epipedons.   In  addition,  Cohagan  soils  are 
coarse-loamy.   The  Andes  and  Barvon  soils  have  bedrock  at  depths  of  20  to  40  inches.  Wayden 
soils  are  clayey.   Kloten  soils  have  a  lithic  contact  within  20  inches  of  the  surface. 

Setting:   Werner  soils  are  on  nearly  level  to  very  steep  convex  ridge  crests  and  side  slopes 
of  upland  plains  and  sides  of  valleys.   Slope  gradients  range  3  to  50  percent.   The  soils 
formed  in  residuum  weathered  from  soft  sandstone  and  shale.   The  climate  is  cool,  semiarid. 
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Mean  annual  temperature  ranges  from  38  to  45°  F. ,  and  Bean  annual  precipitation  from  14  to  17 
inches.  Most  of  the  precipitation  comes  in  the  spring  and  summer. 

Principal  Associated  Soils:   These  are  the  competing  Cabba,  Cohagen,  and  Waden  soils  and  the 
Amor,  Max,  Morton,  Sen,  Vebar,  Williams,  and  Zahl  soils.   Cabba,  Cohagen,  and  Waden  soils  are 
on  similar  landscapes  as  Werner.   Amor,  Morton,  Sen,  and  Vebar  soils  are  on  smoother  and 
typically  less  sloping  parts  of  the  landscape.   Max,  Williams,  and  Zahl  soils  are  on  nearby 
glaciated  plains.   All  of  the  noncompeting  soils  are  deeper. 

Drainage  and  Permeability:   Well  drained;  medium  or  rapid  runoff;  moderate  permeability  in  the 
solum  and  moderately  slow  or  slow  in  the  C  horizon. 

Use  and  Vegetation:   Used  for  range  and  pasture.  A  few  areas  are  cultivated.   Native  vegetation 
is  threadleaf  sedge,  blue  grama,  western  wheatgrass,  needleandthread,  and  a  variety  of  forbs. 

Distribution  and  Extent:   Western  North  Dakota,  northeastern  Montana,  and  northwestern  South 
Dakota.   The  soil  is  of  moderate  extent. 

Series  Established:   Burleigh  County,  North  Dakota,  1971. 

Remarks:   The  Werner  series  would  have  been  classified  as  Lithosols  in  the  former  system. 
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REGENT  SERIES 

The  Regent  series  consists  of  moderately  deep,  well  drained,  slowly  permeable  soils  formed  in 
residuum  weathered  from  alkaline  soft,  shales.  These  soils  are  on  upland  plains  and  have  slopes  of  1 
to  25  percent.  Mean  annual  temperature  is  42  F,  and  mean  annual  precipitations  is  16  inches. 

Taxonomic  Class:  Fine,  montmorillonit ic  Typic  Argiborolls. 

Typical  Pedon:   Regent  silty  clay  loam  -  cultivated.   (Colors  are  for  dry  soil  unless 
otherwise  stated.) 

A1--0  to  10  inches;  dark  grayish  brown  (10YR  4/2)  silty  clay  loam,  very  dark  grayish  brown 
I.10YR  3/2)  moist;  weak  medium  subangular  blocky  and  moderate  fine  granular  structure;  fir.n, 
plastic;  common  fine  roots;  common  fine  pores;  neutral;  clear  smooth  boundary.   (5  to  10  inches 
thick) 

B2U--10  to  18  inches;  grayish  brown  (2.5Y  5/2)  silty  clay,  dark  grayish  brown  (2.5Y  4/2) 
moist;  weak  coarse  prismatic  structure  separating  to  strong  fine  angular  blocky;  firm,  plastic;  few 
roots;  common  fine  pores;  dark  grayish  brown  (10YR  4/2)  clay  films  on  faces  of  peds;  mildly 
alkaline;  clear  wavy  boundary.   (3  to  10  inches  thick) 

B22t--13  to  26  inches;  light  brownish  gray  (2.5Y  6/2)  silty  clay,  olive-  brown  (2.5Y  4/3)  moist; 
weak  coarse  prismatic  structure  separating  to  moderate  medium  subangular  blocky;  firm,  plastic;  few 
roots;  common  very  fine  pores;  thin  clay  films  on  faces  of  peds;  few  faint  white  masses  of  lime; 
mildly  alkaline;  gradual  wavy  boundary.   (4  to  12  inches  thick) 

B3ca--26  to  39  inches;  pale  olive  (5Y  6/3)  silty  clay  loam,  olive  (5Y  5/3)  moist;  weak  coarse 
prismatic  structure  separating  to  moderate  medium  subangular  blocky ;  firm,  plastic;  few  fine  pores; 
c cmrcor.  fine  threads  and  few  nodules  of  lime;  strongly  effervescent;  moderately  alkaline;  clear  wavy 
boundary.   (0  to  22  inches  thick) 

Cr--39  to  62  inches;  pale  olive  (5Y  6/3)  soft  platy  shale;  moderately  alkaline. 

Type  Location:  Stark  County,  North  Dakota;  northwest  corner  sec.  3,  T.  139  N.  ,  R.  97  W. 

Range  in  Characteristics:  Depth  to  soft  shale  bedrock  typically  is  30  to  40  inches  but  ranf.e? 
from  20  to  40  inches.  The  mollic  epipedon  ranges  from  7  to  16  inches  in  thickness. 

The  A  horizon  has  hue  of  10YR  or  2.5Y,  value  of  4  or  5,  2  or  3  moist,  and  chroma  of  2  or  3  dry  or 
moist.  It  is  clay  loam,  silty  clay  loam  or  silty  clay.  Reaction  is  slightly  acid  or  neutral. 

The  B2t  horizon  has  hue  of  10YR,  2.5Y  or  5Y,  value  of  4  through  6,  2  through  4  moist,  and  chroma 
of  2  or  3  dry  or  moist.  It  is  silty  clay  loam  or  silty  clay  .ind  typically  averaging  between  35  and 
50  percent  clay.  Reaction  is  mildly  alkaline  to  strongly  alkaline.  Most  pedons  have  lime  accumula- 
tion in  either  the  B3ca  or  Cca  horizon.  These  horizons  commonly  contain  less  than  15  percent  CaCO., 
equivalent. 

The  Cr  horizon  is  soft  alkaline  shale  which  is  stratified  with  silty  layers  in  some  pedons. 

Competing  Series:   These  are  the  Absarokee,  Fearpaw,  Danvers,  Delsan,  Mondamin.  Savage  and 
V'ork  series  in  the  same  family  and  the  Darret,  Grail,  Moreau,  Morton,  and  Winifred  series.   The  - 
Absarokee  soils  have  hard  sandstone  bedrock  at  depths  of  20  to  40  inches.  Bearpaw,  Danvers,  Delson. 
Hondamin,  Savage  and  Work  soils  lack  bedrock  within  depths  of  40  inches.   In  addition,  Davers, 
Delson  and  Work  series  formed  in  alluvium;  Bearpaw  formed  in  glacial  till;  Mondamin  soils  formed  in 
f laciolacust rine  sediments;  and  Savage  soils  Jormerd  in  alluvium  and  loess.   Darret  soils  have 
tedder  hue  and  mixed  mineralogy.   Grail  soils  have  mollic  epipedons  over  16  inches  thick  and  have 
formed  in  alluvium.  Moreau  and  Winifred  soils  lack  argillic  horizons.  Morton  soils  are  fine-silty. 

Geographic  Setting:   Regent  soils  are  on  long  and  plane  or  slightly  i onvex  slopes  of  upland 
plains.   The  slope  gradients  commonly  are  2  to  4  percent  but  range  to  25  percent.  The  soils  formed 
in  residuum  weathered  from  alkaline  soft  shale;.  Nean  annual  temperature  ranges  from  3K  to  4b  t- . 
anl  mean  annu.il  precipitation  from  12  tr  16  inches. 
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Geographically  Associated  Soils:   These  are  mainly  the  competing  Grail,  Moreau  and  Morton 
soils.   Grail  soils  are  in  concave  swales  and  fans  at  lower  elevations  and  Moreau  soils  are  on  the 
steeper  convex  slopes.  Morton  soils  are  in  nearby  landscapes.  Beckton,  Rhoades  and  Savage  soils 
are  adjacent  to  Regent  soils  in  some  localities.   Both  Beckton  and  Rhoades  soils  have  B2t  horizons 
having  strong  columnar  structure  and  have  strongly  alkaline  subsoils  and  substrata.   In  addition, 
Rhoades  soils  have  thin  A2  horizons.   Both  are  commonly  on  slightly  lower,  less  sloping  areas  than 
Regent  soils.   Savage  soils  are  on  nearly  level  terraces  in  nearby  stream  valleys. 

Drainage  and  Permeability;  Well  drained.   Runoff  is  slow  or  moderately  rapid,  depending  upon 
the  slope  gradient.   Permeability  is  slow. 

Use  and  Vegetation:   Cultivated  areas  are  used  for  growing  small  grains,  flax,  hay  and 
pasture.   Native  vegetation  is  mid  and  short  grasses  such  as  western  wheatgrass,  green  needlegrass, 
blue  grama,  buffalograss  and  some  forbs  and  upland  sedges. 

Distribution  and  Extent:   Southwestern  North  Dakota,  eastern  Montana,  northwestern  South 
Dakota.   The  soil  is  extensive. 

Series  Established:   Wibaux  County,  Montana,  1944 

Additional  Data:   S54ND-45-3,  S54ND-21-1,  S58NE-13-1,  S58ND-45-4,  S58ND-45-9  and  S58ND-45-10 
in  Soil  Survey  Investigations  Report  No.  2,  pages  109-203. 

National  Cooperative  Soil  Survey 
U.S.A. 
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UNITED  STATES 
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TABLE  62  INTERPRETIVE  RATINGS  FOR  SOIL  USES 


Map 

Symbol 

(1) 

Soil  Name 
(2) 



Suitability 

r 

Degree  of  Limitation  and  Soil  Features  Affecting 

Dryland 

Farming 

(3) 

1  Sand/ 
Irrigation  I  Topsoll   Gravel 
(4)    1    (5)   1   (6) 

Road 
Fill 
(7) 

Other 
(8) 

Ponds 

Road 

Location 
(11) 

Shallow 

Excavations 

(12) 

Building  Sites 
(13) 

Location 
(9) 

Embankment 
(10) 

88 


87 


71 


67 


55 


36 


77 


74 


100 


36 


38 


35 


28 


76 


74 


71 


83 


83 


98 


Poor 


Good 


Poor 


Arnegard   Good 
3-6,  6-91 


Harriet    Poor 


Rhoades 
1-9 

Searing 
Loam 
1-6 

Straw- 
Channeled 

Vebar 
6-9 

Williams- 
Loam 
3-6,  6-9 

Grail 
3-6 

Bowdle 
3-6 

Regent 
3-6 

Amor 
3-6 

Wllliams- 
Zahl 
3-6,  6-9 

Zahl- 
Wi  11 lams 
9-15 

Amor- 
Werner 
6-9,  9-15 

Temrick- 

Wllllams 

6-9 

Sen- 
Rhoades 
3-6,  6-9 

Regent- 

Rhoades 

1-9 

Searing- 

Ringllng 

6-9 

Vebar- 
Cohagen 
3-9,  9-35 

Cohagen- 
Vebar 
9-35 

Ringling- 
Cabba 
9-35 


Good 


Fair 


Fair 


Fair- 
Poor 


Fair- 
Poor 


Poor 


Fair 


Poor 


Poor 


Fair 


Fair 


Fair 


Poor 


Poor 


Poor 


Fair 


Poor 


Poor 


Poor 


Poor 


Good 

Poor 

Fair 

Wildlife 

Crops 

Range 

Poor 

Poor 

Poor 

Wildlife 
Range 

Poor 

Poor 

Poor 

Wildlife 
Range 

Good 

Poor 

Fair- 

Wildlife 

Poor 

Range 

Good 

Poor 

Fair 

Wildlife 
Range 

Fair 

Poor 

Fair 

Wildlife 
Range 

Good 

Poor 

Fair- 
Poor 

Wildlife 
Range 

Good 

Poor 

Poor 

Wildlife 
Range 

Good 

Fair 

Good 

Wildlife 
Range 

Good 

Poor 

Poor 

Wildlife 
Range 

Cood 

Poor 

Fair 

Wildlife 
Range 

Good- 
Poor 

Poor 

Fair- 
Poor 

Wildlife 
Range 

Poor- 
Good 

Poor 

Fair- 
Poor 

Wildlife 

Fair 

Poor 

Fair- 
Poor 

Wildlife 
Range 

Good 

Poor 

Fair 

Wildlife 
Range 

Good- 
Poor 

Poor 

Fair- 
Poor 

Wildlife 
Range 

Good- 
Poor 

Poor 

Poor 

Wildlife 
Range 

Poor 

Fair 

Fair 

Wildlife 
Range 

Fair 

Poor 

Fair 

Wildlife 
Range 

Poor- 
Good 

Poor 

Fair 

Wildlife 
Range 

Poor 

Fair 

Fair 

Wildlife 
Range 

Poor 


Poor 


Good 


Fair 


Fair 


Fair 


Poor 


Fair 


Good 


Fair 


Poor 


Poor 


Fair 


Fair 


Poor 


Poor 


Fair 


Fair 


Poor 


Good 


Poor 


Fair 


Poor 


Fair 


Poor 


Fair 


Poor 


Poor 


Fair 


Fair 


Poor 


Fair 


Fair- 
Poor 


Good 


Poor 


Fair 


Fair 


Fair 


Fair 


Fair 


Fair- 
Poor 


Poor 


Fair 


Poor 


Fair 


Fair 


Poor 


Poor 


Poor 


Good 


Fair 


Fair 


Poor 


Fair 


Fair 


Fair 


Fair 


Fair 


Fair- 
Poor 


Poor 


Poor 


Fair 


Fair 


Poor 


Fair 


Poor 


Poor 


Fair 


Poor 


Fair 


Fair 


Poor 


Fair 


Poor 


Fair 


Fair 


Fair 


Fair 


Fair- 
Poor 


Poor 


Poor 


Fair 


Poor 
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Table  63 


Map 
Symbol 
(1) 


Soil   Name 
(2) 


Depth  From 
Surface  of 
Typical  Profile 
(inches) 
(3) 


Depth  To 


Bedrock 


Seasonal  High 
Water  Table 
(inches) 
(5) 


Hydrological 
Soil  Group 
(6) 


Shrink 
Swell 
Potential 
(7) 


Corrosivity 


Uncoated 

Steel    Concrete 


(8) 


JSL 


Classification 


USDA  Text. 
(10) 


Unified 

(id 


AASHO 
(12) 


Coarse 
Fraction 
(13) 


44 

Arnegard 
3-6,  6-9 

3-40 
40-60 

88 

Harriet 

0-40 
40-46 
46-60 

87 

Rhoades 

0-15 
15-60 

71 

Searing 

1-6 

0-40 
40-60 

67 

Straw- 
Channeled 

0-60 

55 

Vebar  6-9 

0-39 
39-60 

36 

Williams 
3-6,  6-9 

0-21 

8 

Grail  3-6 

0-60 

77 

Bowdle 

0-20 
20-60 

74       Regent   3-6 


0-38 


100 

Amor  3-6 

0-35 
35-60 

38 

Zahl 

0-6 

- 

Werner 

0-18 

28 

Temwick 

0-24 
24-60 

>5 


?5 


3.5 


>5 


20-40 


?5 

2 

2.5-3.3 
2.5-3.3 

a- 10 
18-20 
?5 


24-42 
34-60 


■5      B- 


0-6 

c- 

B- 

C- 

>10 

C- 

>10 

B- 

— 

A- 

Mod. 


Low 
Low 


Mod. 
Mod. 


Mod. -Slow  Mod. -High  High 

Mod.  Mod. -High  High 

Slow  Mod. -High  High 

Slow-Mod. -Slow    High  High 

Mod. -Slow  Mod. -V. High  High 

Mod. -Mod. -Rapid   Low  Mod. 

Rapid        


Mod. 


Low-Mod . 


Low 
Low 


>10  B-    Mod.  Rapid 

7 10  B-    Mod. -Mod. -Slow  Mod. -High 


Low 
Mod. 


.5-5 

C- 

Slow-Mod. -Slow 

Mod. -High 

High 

>5 

B-C 

Mod. -Mod. -Slow 

Mod. -High 

Mod. 

— 

A- 

Rapid 

— - 

— 

^10 

C- 

Slow-Mod. -Slow 

Mod. -High 

High 

7   10 

B- 

Mod. 

Low 

Mod. 

- 



Low 

Mod. 

■r  10 

B- 

Mod. 

Mod. 

Mod. 

5,10 

B- 

Mod. 

Low  to  Mod. 

Mod. 

-,  10 

B- 
C- 

Mod. 
Mod. -Slow 

Low  to  Mod . 

Mod. 

J-10 

B- 

Mod. 

Mod. 

Mod. 

Soft 

Shale 



Mod. 

Mod. 

Low 
Low 

High 
High 
High 

Mod. 

High 


Loam 
CL 

SiCL 
Loam 
SiC 

SiC  6.  SiCL 
CL  &  SiCL 


Baked  Rock      

Loam     ML  or  ML-CL   A-4 


Low       FSL        SM  or  ML  A-2  or  A-4 
Low  Soft  S.  Stone      


Mod.    Loam  6.  CL     ML  or  CL  A-6  or  A-7   85-95 


ML 

A-4 

85-95 

ML 

or 

CL 

A-4  or 

A-6 

85-100 

CL 

or 

CH 

A-6  or 

A-7 

85-100 

ML 

A-4 

85-95 

CL 

or 

CH 

A-6  or 

A-7 

95-100 

CL 

or 

CH 

A-7 

95-100 

CL 

or 

CH 

A-6  or 

A-7 

95-100 

ML 

or 

SM 

A-2  or 

A-4 

35-75 

Low    SiCL  6.  SiC    CL  or  CH     A-7 


Low    Loam  &  CL     ML  or  CL  A-6  or  A-7 
Band  &  Gr.       


Mod.    SiCL  &  SiC 


Low        Loam        ML 
Low    Soft  S.  Stone 


Low 


Low 
Low 


CL     A-6  or  A-7 

A-4 


Mod.        Loam     ML  or  ML-CL   A-4 
Low    Loam  6.  SiL   ML  or  CL   A-4  or  A-6 


SiL 
CL 


ML       A-4 

CL    A-6  or  A-7 


95-100 
50-75 

95-100 
90-100 

80-95 

75-90 

95-100 
85-100 

95-100 


98 

Ringling 

0-19 
19-60 

83 

Cahagen 

0-17 
19-60 

81 

Cabba 

0-14 
14-60 

5-20  7  10     B-       Mod. -Rap id-Mod. 

5-20  J>10     B-       Mod. -Mod-Rapid 

5-20  >10      - 


Low-Mod. 
Low-Mod . 


Mod. 
Mod. 


Mod. 
Mod. 


High 
High 


Low     Gr.  Loam    ML  or  SM   A-2  or  A-4 
Low     Baked  Rock     —  


Gr.  Loam    ML  or  SM   A-2  or  A-4   85-75 


Low     Baked  Rock 


Low     Soft  Shale  ML  or  CL   A-4  or  A-6 
Mod.    Soft  Shale  ML  or  CL   A-4  or  A-6 


95-100 
95-100 


II 

II 
II 
II 

II 

II 

I 

I 

II 
II 


I 

II 
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Table  6  6 . — Data   for  defining  moisture   relations   In  soils 


H   OCTN     METrNTlOH   VOLUME   AVlHAlfE    SOIL      M0I51UME   ADSORPTION       VOID   *   YOIO   -j.  SOIL       PERMEABILITY  * 

FORCE     WEIGHT   VULOHt   ROI5TUHE   RETENTION   CAPABILITY     CAPACITY   CAPACITY  MOISTURE 
NtlUMI  *           CAPABILITY 

M      G/SOCM   PF    6/CC     6/CC        ■    '      *           •             »      MOLECULAR  MOLECULAR        CM/MR 

LAYERS  LAYERS 


Of  WATER     OF  BATE" 

BEULAH  TRENCH  SITE  1  DATE  OF  SAMPLING:   9/15/76 


0.10 

16U. 

3.21 

0.9B 

0.96 

11.46 

14.75 

23.59 

64.74 

41.9 

7.8 

3.6 

0.20 

7299?. 

4,"jb 

1  .  70 

1.47 

•  .9k 

13.94 

22.30 

30.12 

21.6 

3.5 

i.i 

0.3U 

9bM3. 

4.99 

1.75 

1.67 

"..Bo 

15.04 

24.06 

22.32 

14.6 

3.2 

1.8 

0.60 

ace  V ) . 

I..V. 

1.55 

1.66 

4.7» 

14.23 

22.77 

22.44 

15.  6 

3.* 

1.9 

0.9V 

97591. 

4.99 

1.69 

1.65 

k.bk 

14.42 

23.08 

23.00 

15.9 

3.2 

1.9 

0.60 

b5kk».. 

4.t.«r 

1.70 

1.67 

k.«7 

13.30 

21.24 

22.07 

If. 6 

3.7 

1.9 

0.70 

3o^7t. 

4.59 

1.6J 

1.73 

5.22 

12. 2B 

19.6k 

20.20 

16.5 

4.2 

1.9 

O.bO 

I65ih. 

4.27 

1.85 

1.76 

5.70 

11.25 

18.01 

19.05 

16.9 

5.1 

1.9 

o.vo 

1  1U"-  . 

3.H5 

1.01 

1.M5 

6.B1 

11.10 

17.75 

16.42 

14. B 

6.1 

1.6 

1  .00 

121c. 

3.u» 

I  .46 

1.B8 

6.3b 

7.85 

12.56 

15.37 

19.6 

8.1 

2.1 

1.10 

21.77. 

3.39 

1.96 

1.97 

6.39 

B.75 

14.00 

13.05 

14.9 

7.3 

1.6 

1.2U 

1637. 

3.21 

2.06 

2.U0 

6.55 

B.43 

13.49 

12.24 

14.5 

7.8 

1.8 

1.30 

i«.e<<. 

3.17 

1.9H 

1.9b 

6.53 

8.29 

13.26 

12. «4 

IS. 5 

7.9 

1.6 

l.«0 

ovn. 

2.9V 

1  .K9 

1.97 

6.B7 

0.1)2 

12. Bk 

13.00 

16.2 

B.6 

1.9 

1.30 

Bib. 

2.41 

2.V4 

1.97 

7.24 

8.47 

13.56 

13.09 

15.5 

8.  5 

1.6 

1.60 

b9Q. 

2.  no 

1.97 

1.90 

7.29 

B.36 

13.3d 

14.  61 

17.7 

8.7 

2.C 

1.10 

554. 

2.73 

1.70 

1.9k 

7.22 

B.05 

12.88 

13.  H5 

17.2 

9.0 

1.9 

l.BO 

46.,. 

2.b9 

2.15 

I.B9 

7.39 

8.10 

12.97 

15. IS 

18.7 

9.1 

2.0 

1.90 

B93. 

2.95 

1.43 

2.22c 

7.J7 

B.73 

13.97 

7.37« 

8.4a 

6.4 

1.4* 

2.00 

1267. 

3.10 

2.95 

2.20* 

1.64 

V.49 

15.16 

7.6.* 

l.lo 

8.1 

1.4« 

£.10 

91f. 

2.96 

2.3d 

2.20* 

7.70 

9.15 

14.64 

7.70. 

8.4* 

8.4 

1.4* 

2.20 

592. 

2.77 

2.14 

2.1* 

6.1V 

9.21 

14.73 

9.06 

••• 

6.9 

l.S 

BEULAH  TRENCH  SITE  4   DATE  OF  SAMPLING:  9/15/76 


0.10 

529. 

2.72 

1.U4 

1.04 

20.67 

22.91 

36.65 

58. IS 

2*. 4 

9.0 

2.4 

0.20 

21974?. 

5.34 

1.11 

1.12 

7.45 

28.13 

45.01 

51.26 

16.2 

2.6 

2.0 

0.30 

16719k. 

5.27 

1.22 

1.23 

7.40 

26.62 

42.92 

43.88 

16.4 

2.8 

1.9 

V.kU 

12263a. 

S.«9 

1.35 

1.27 

7.32 

23.98 

36.37 

40.84 

17.0 

3.1 

1.9 

0.50 

BJ527. 

4.41 

1.25 

1.40 

6.91 

20.38 

32.61 

33.66 

16.6 

3.4 

1.9 

0.40 

1692k. 

4.23 

1.59 

1.44 

7.77 

15.04 

24.06 

31.62 

21.0 

5.2 

2.2 

0.70 

054P. 

3.9J 

1.48 

1.46 

9.14 

15.42 

24.67 

30.75 

19.9 

5.9 

2.1 

0.80 

436?. 

3.4k 

1.30 

1.40 

12.41 

18.59 

29.75 

33.66 

16.1 

6.7 

2.0 

0.90 

257*. 

3.41 

1.41 

1.40 

13.51 

IB. 60 

29.76 

33.65 

18.1 

7.3 

2.0 

1.00 

1764. 

3.25 

1.49 

1.51 

12. IB 

15.86 

25.36 

26.69 

18.1 

7.7 

2..0 

1.10 

183x. 

3.2b 

1.62 

1.57 

10.  B6 

14.22 

22.75 

26.08 

16.3 

7.6 

2.0 

1.20 

lulk. 

3.01 

1.61; 

1.57 

12.29 

14. Bl 

23.69 

25.82 

17.4 

6.3 

2.0 

1.3d 

1041. 

3.02 

1.51 

1.54 

16.29 

19.70 

31.52 

27.25 

13.6 

6.3 

l.T 

1.4(1 

687. 

2.84 

1.51 

1.56 

19.37 

22.18 

35.49 

26. S3 

1?.0 

8.7 

1.6 

1.50 

921. 

2.96 

1.65 

1.50 

21.61 

25.71 

41.14 

29.01 

11.3 

8.4 

1.6 

1.60 

333. 

2.52 

1.33 

1.53 

24.49 

25.68 

41.09 

27.42 

10.7 

9.5 

1.6 

1.70 

597. 

2.7B 

1.62 

1.4V 

23.75 

26.71 

42.74 

29.46 

11.0 

6.9 

1.6 

1.80 

684. 

2.63 

1.S1 

1.51 

24.92 

26.52 

45.63 

26.46 

10.8 

6.T 

l.S 

BEULAH  TRENCH  SITE  5   DATE  OF  SAMPLING:  9/15/76 


9.10 

20H. 

2.32 

1.21 

1.21 

16.66 

16.76 

26.61 

45.20 

27.0 

10.1 

2.5 

0.20 

6154. 

3.79 

1.31 

1.31 

11.35 

IB. 04 

28.86 

36.35 

21.3 

6.3 

2.2 

0.30 

446r. 

3.65 

1.42 

1.41 

11.  BB 

17. B5 

28.57 

33.35 

18.7 

6.7 

2.0 

V.kO 

5S04. 

3.74 

1.46 

1.49 

11.04 

17.21 

27.54 

29.59 

17.2 

6.4 

1.9 

U.MJ 

3k63. 

3.74 

1.55 

1.4B 

10.29 

16.02 

25.63 

29.76 

16.6 

6.4 

2.0 

0.60 

5075. 

3.77 

1.41 

1.42 

10.57 

16.66 

26.66 

32.80 

19.7 

6.3 

2.1 

0.70 

J7hi. 

3.56 

1.29 

1.3b 

13.57 

19.85 

31.75 

35.90 

16.1 

6.8 

2.6 

V.bV 

J527. 

3.55 

1.37 

I. 3b 

15.75 

22.78 

36.45 

35.62 

15.7 

6.9 

1.9 

V.90 

3149. 

3.5U 

1.42 

1.44 

14.99 

21.30 

34.07 

31.54 

14.6 

7.0 

1.6 

1.00 

267k. 

3.4J 

1.54 

1.46 

13. B4 

19.17 

30.67 

30.67 

16.0 

7.2 

1.9 

1.10 

23ki. 

3.37 

l.»2 

1.52 

13.76 

IB. 67 

29.  B7 

28.09 

15.0 

7.4 

1.6 

1.20 

224C.. 

3. 35 

1.59 

1.52 

13.96 

IB. 62 

30.12 

27.86 

14.6 

7.4 

1.6 

1.30 

1223. 

3.09 

1.5b 

1.56 

14. BB 

IB. 39 

29.43 

26.39 

14.3 

8.1 

1.8 

1.40 

10l». 

3.21 

1.S3 

1.53 

15.12 

19.44 

31.10 

27.46 

14.1 

7.6 

1.6 

1.3V 

10  7». 

3.V3 

1.51 

1.51 

17. OB 

2v.7S 

33.20 

2B.35 

13.7 

8.2 

l.T 

1.60 

110*. 

3.V4 

1.50 

1.4t) 

19.12 

23.32 

37.31 

29.  B4 

1?. a 

6.2 

l.T 

1.70 

llbk. 

3.V7 

l.k3 

1.63 

22.74 

27.91 

44.66 

23.60 

A. 5 

6.1 

1.6 

l.BV 

129m. 

3.11 

1.95 

1.69* 

21.54 

2b.  B4 

42.94 

21.54. 

8.0* 

8.0 

1.4* 

*e  following  a  value  denotes  an  estimate 
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Table  66. — Data   for  defining  moisture  relations   In   soils — Continued 


H   DEPTH 


RETENTION   VOLUME   <*tK»lj£    SOIL      MOISTURE   ADSORPTION 
roMCE     »EIOHl   VOLUME   MOISTURE   HETENI ION   CAPABILITY 
•tJOMt  CAPABILITY 


VOID 
CAPACITY 


G/SOCM   Pr    G/CC 


6/tC 


VMO 
CA»ACITY 


MOLECULAR 

LAYERS 
OF  WATER 


SOIL 
MOISTURE 


MOLrCULAR 

LAYERS 
or  MATER 


PeRMEABlLITY 


C»/MR 


BEULAH  TRENCH  SITE  2   DATE  OF  SAMPLING:  9/15/76 


U.10 

2blo. 

3. AD 

1.2* 

1.20 

10. B6 

1-.H9 

23.83 

4?. 89 

?«.B 

7.3 

2.7 

U.*U 

5/"2«.. 

4.7b 

1.31 

1.31 

5.V3 

lb. 62 

21.98 

38. Bl 

24.9 

3.8 

2.4 

0.30 

57f-2n. 

4.  7b 

1.3/ 

1.31 

6.00 

lb. 77 

25.22 

38. M 

?4.S 

3.8 

2.4 

U.H) 

5b22i. 

4.  /b 

1.25 

1.41 

6.1b 

16.06 

25.69 

33.32 

20.9 

3.B 

?.! 

o.so 

5bSS4. 

4.7b 

1.61 

1.44 

6.27 

16.37 

26.20 

31.95 

19.5 

3.8 

2.1 

0.60 

6V01*. 

4.  84 

l.*S 

1.49 

6.58 

16.24 

29.19 

29.24 

16.0 

3.6 

1.9 

o./o 

"7151. 

4.67 

1.43 

1.61 

7.58 

lb. 82 

30.11 

24.48 

13.0 

4.0 

1.7 

o.iu 

10377. 

4. £6 

1.95 

1.73 

7.06 

13.91 

22.26 

19.94 

14.3 

5.1 

1.9 

u.vo 

11"7m. 

4.04 

1.83 

1.03 

6.67 

11.  82 

|8.9] 

16.81 

14.2 

5.6 

1.8 

l.ou 

3JMT. 

J. 53 

1./* 

1.0  J 

6.13 

B.H2 

14.10 

23. SO 

26.7 

7.0 

2.5 

1.10 

167c. 

3.22 

1.35 

1.67 

7.b3 

9.73 

15.bft 

22.13 

2?. 8 

7.7 

2.3 

1.20 

1*5*.. 

3.16 

1.V4 

1.50 

7.73 

9.79 

15.66 

29.00 

20.6 

7.9 

2.7 

1.30 

1391. 

J.|4 

1.21 

l.b4 

7. hi 

9.58 

15.33 

23.36 

24.4 

7.9 

2.4 

1.4U. 

►hi. 

2.93 

1.77 

l.ii 

7. IB 

H.49 

13. b9 

26.65 

31.4 

8. 5 

2.8 

1.50 

72*.. 

*.M0 

1.69 

Lib 

7. MO 

B.99 

14.39 

26.70 

29.7 

8.7 

2.7 

I .60 

33«.. 

2. 5* 

1.2u 

1.36 

B.B3 

9.*6 

U. 81 

26.40 

28.5 

9.5 

2.6 

i./o 

33p. 

2.53 

1.79 

l.b4 

b.Ul 

8.41 

13.46 

23.41 

27. B 

9.5 

2.6 

1.8.0 

b37. 

2.  1 J 

1.9* 

!  .MO 

7.07 

7.B5 

12.56 

17.74 

22.6 

9.0 

2.3 

1.90 

450. 

2.65 

1.70 

1.81 

7.62 

B.2B 

13.24 

17.45 

21.1 

9.2 

2.2 

2.V0 

53o. 

*.7J 

1.8* 

1.75 

7.69 

B.b5 

13.67 

19.49 

22.8 

9.0 

2.3 

*.iu 

217. 

2.33 

1.72 

1.77 

B.01 

7.9B 

12.77 

1B.6B 

23.4 

10.0 

2.3 

*.2o 

203. 

2.J1 

1.7B 

1.71 

B.b4 

8.47 

13.55 

20.85 

24.6 

10.1 

2.4 

2.30 

206. 

2.31 

1.62 

1.70 

B.93 

B.B7 

14.19 

21.02 

23.7 

10.1 

2.3 

2.40 

190. 

2.30 

1.71 

1.71 

9.00 

B.90 

14.24 

20.76 

23.3 

10.1 

2.3 
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0.10 

208. 

Z.Si 

1.04 

1.04 

19.26 

19. IS 

30.64 

57.97 

3C3 

10.1 

2.T 

0.20 

J7157. 

4.57 

1.14 

1.11 

7.36 

17.13 

27.41 

51.97 

30.3 

4.3 

2.B 

V.Jo 

51320. 

4.71 

1.16 

1.26 

6.Bb 

17.41 

27.  86 

41.47 

23.8 

3.9 

2.6 

V.wO 

61/ ••47. 

4.7B 

1.49 

1.34 

6.17 

16.48 

26.36 

37.09 

22.5 

3.7 

2.3 

0.50 

4**52. 

4.43 

1.36 

1.49 

6.34 

15.27 

24.43 

29.25 

19.2 

4.2 

2.1 

u.bO 

33326. 

4.5b 

1.63 

l.bu 

5.70 

13.09 

20.95 

28. A9 

22.1 

6.3 

2.2 

O./v 

ICO'.. 

4.27 

1.51 

l.bb 

4.73 

9.33 

14.93 

26.78 

28.7 

5.1 

2.7 

V.BO 

•jb9(.. 

3.75 

l.bl 

1.54 

5.23 

B.17 

13.07 

27.20 

33.3 

6.6 

2.9 

0.90 

35h<.. 

3.5b 

l.bO 

l.b3 

7.07 

10.25 

16.40 

27.58 

26.9 

6.4 

2.5 

1.00 

*i'7s. 

3.32 

1.49 

1.47 

9.20 

12.27 

19.62 

30.22 

24.6 

7.5 

2.4 

1.10 

b77. 

2.7b 

1.33 

l.b2 

12.01 

13.45 

21.52 

26.01 

20.6 

8.9 

t.t 

1.20 

210. 

2.32 

1.7b 

l.ou 

14.00 

13.99 

22.39 

24.86 

17.8 

10.1 

2.0 

1.30 

212. 

2.33 

1.71 

l./b 

12.21 

12.16 

19.45 

19.20 

15.8 

10.0 

1.9 

1.40 

201. 

2. 30 

l.Bl 

I. no 

12.66 

12.53 

20.05 

17.73 

16.2 

10. 1 

1.8 

l.w 

197. 

2.29 

1.09 

1.H4 

11.71 

11.57 

18.51 

16.53 

14.3 

10.1 

1.8 

i.to 

196. 

^.^^i 

1.B3 

I./9 

15.21 

15.02 

24.03 

18.00 

12.0 

10.1 

1.6 

1.  70 

2B6. 

2.40 

l.bb 

1.63 

19.93 

20.54 

32.66 

23.70 

11.  5 

9.7 

1.6 

I.eO 

1V7. 

2.30 

1.39 

l.bb 

21.83 

21. b7 

34. bl 

26.66 

12.4 

10.1 

1.7 

1.90 

147. 

2.17 

l.bl 

1.49 

22.95 

21.97 

35.16 

29.42 

13.4 

10.4 

1.7 

2.V0 

19">. 

2.29 

1.47 

1.55 

26.15 

25.78 

41.25 

26.96 

|o.5 

10.1 

1.5 

2.10 

197. 

i.e* 

l.bb 

1.31 

24.74 

24.43 

39.09 

2B.40 

11.6 

10.1 

1.6 

2.20 

234. 

2.3/ 

1.51 

1.31 

24.5B 

24.75 

39.60 

26.61 

11.6 

9.9 

1.6 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 
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o.io 

939. 

2.97 

1.12 

1.12 

20.71 

24.70 

39.52 

51.21 

20.7 

8.4 

2.2 

0.20 

50748. 

4.71 

1.06 

1.17 

11.82 

29.96 

47.93 

67.54 

15.9 

3.9 

1.9 

0.30 

40367. 

4.67 

1.32 

1.26 

10.30 

25.64 

40.70 

61.43 

16.3 

4.0 

1.9 

o.-o 

4377s. 

4.64 

1.40 

1.47 

6.59 

20.89 

33.43 

30.21 

-  14.5 

4.1 

1.8 

U.bO 

1*306. 

».33 

1.70 

l.b3 

B.37 

17.26 

27.62 

23.71 

13.7 

4.9 

l.r 

u.bu 

|994<.. 

4.30 

1.78 

1.66 

8.76 

17.  58 

28.13 

22.47 

12.8 

S.O 

1.7 

U.7u 

16786. 

4.22 

1.50 

1.63 

9.40 

16.15 

29.05 

23.47 

12.9 

5.2 

1.7 

U.BO 

13697. 

•a. 14 

1.6* 

1.66 

10.01 

18.32 

29.64 

22.68 

12.2 

S.4 

1.6 

W.9d 

/909. 

3.90 

1.85 

1./6 

B.27 

13.76 

22.01 

19.16 

13.9 

6.0 

l.r 

1.00 

04SJ. 

3.81 

l.BO 

1.75 

8.21 

13.16 

21.05 

19.60 

14.7 

6.2 

l.S 

l.lv 

4b5f  . 

J.60 

1.60 

t  .44 

V.00 

13.59 

21.76 

31.79 

23.4 

6.6 

2.3 

1.20 

5B29. 

3.77 

0.91 

0.91 

10.96 

17.28 

27.65 

71.89 

41.6 

6.6 

3.4 
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Table   66. — Data   for  defining  moisture   relations   in   soils — Continued 


N   OCPTM 


wetfNt i un 

FOKCC 


VOLUME 
•EIGhT 


AvCMAuE    SOIL 
VuLUMt   MOISTURE 

•Eiwir  * 


G/SOcm  RF   O/CC    w/CC 


moisture  aosorpmon 

MEltNllON   CAPABILITY 
CAPABILITY 


VOIO 


voio 


MOLFCULl« 

LayEHS 
OF  HATER 


SOIL 
MOISTURE 


MOLECULAR 

LAYEHS 
OF    MATER 


(•ERME  ABILITY 


CM/MR 
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0.10 

'9«.. 

2.V0 

I.Ob 

l.US 

16.0V 

O.c-0 

Ib3*g. 

*.|v 

1.29 

1.2* 

11. CO 

tta  )'J 

U*3«. 

4.1J 

1  .    «H 

1.29 

1*.V6 

o.»o 

l-lli?. 

4. lb 

Li* 

l.JU 

12. »b 

O.b" 

lU'CH. 

«.li2 

1.33 

l.JU 

13. b9 

O.t-U 

llfBn. 

*.»7 

1.3V 

l.JV 

13. BB 

v.  7u 

/«b*. 

3.VO 

1  .<••> 

1.4J 

16. bj 

U.MII 

*»77. 

3.*b 

1.43 

l.*6 

2<'.bb 

W.VO 

JVJt. 

3.5V 

I.Sli 

l.*B 

22.35 

l.OU 

I>*b7. 

3.-1 

1.51 

l.*b 

2*. 13 

1.1'/ 

2fpp. 

J. 4* 

l.Jb 

i.-t 

2b. *b 

l.fl 

IVVl. 

3.2V 

l.*b 

l.*7 

26.02 

l.JU 

22*n. 

J.  lb 

l.b» 

l.*V 

27.0V 

Lull 

12M7. 

3*11 

1.42 

1.56e 

2b.  Su 

1.50 

1  'b?. 

J./?* 

1.72 

l.JV 

2B.ib 

1.60 

1  /5|. 

J.<"» 

1  .02 

I. 4b 

2b. Vu 

i./J 

!•<•/. 

J.i/f 

1  .H 

l.JV 

•  B.ifO 

l.-iO 

«!.?«.. 

J. 31 

l.Sj 

1.5S« 

2b. OB 

1.  VII 

2JBn. 

3.3c 

1.66 

1.56e 

26. *b 

2.00 

I"0i-. 

J. HO 

1.6J 

1.54e 

2  7.36 

<c.lo 

1"?.  . 

J. Ill 

l.Sh 

1.55c 

ifb.be 

2.20 

601. 

2.1* 

1.5b 

1.51c 

26.29 

2. Jo 

vie 

2.Vt, 

1.76 

l.b7 

2b. 00 

c.«0 

**«.. 

2. J* 

1.3« 

I.JB 

2b. IS 

10.77 
21.22 
27.67 
23. V* 
23. Bh 
2*. 9* 
27. b2 
31.10 
32.  "9 
3M.bb 
3«.B9 
Jb.*2 
Jb.b* 
32.96 
36.61 
J».V0 
J».1J 

Jb.b7 
3b.  00 
J2.V4 
J2.O0 
J2.41 
JU.91 
2o.  *7 


30.0. 
33.96 
44.26 
3H.J0 
36.  IS 
39.9] 
64.19 
49.77 
5?. 63 
61.  Bb 
S9.U3 
bb.b7 
S«.»6 
52.7* 
bB.SB 
S5.V6 
5*.bn 
b/.08 
57. S9 
52.70 
bl.J2 
Sl.Bb 
49.46 
OS.  55 


57.65 

4?.V? 
39.90 
16.99 
30.96 
3*. 02 
32.39 
30.6* 

29.  BS 
31.07 
31.63 

30.  bl 
29.36 
26.50c 
3*.2S 
31.2* 
3*.*0 
26.86c 
26.46c 
27.36c 
26.58c 
28.29c 
25.  B6 
36.9* 


10.7 

!*.* 

16.3 

16.3 

13.6 

11.7 

9.6 

9.1 

".0 

A. 6 

6.6 

*.0. 

8.0c 

9.6 

A. 9 

16.1 

7.5c 

7.4. 
8.3c 
8.3c 
8.7c 

A.* 
12.3 


6.6 
5.3 

5.6 
5.4 
5.7 
5.6 

6.0 

6.6 
6.6 

6.2 

7.2 

7.6 
7.* 
A.O 
7.7 
7.7 
6.3 
7.S 
7.6 
A. 3 
P. 3 
6.7 
6.4 
9.9 


?.e 

2.1 
1.6 
1.9 
1.9 
1.7 
1.6 
l.S 
l.S 
1.4 

1.4 
1.4 
1.4 
1.4c 
1.5 
1.4 
1.5 
l.*c 
1.4c 
1.4c 
1.4* 
1. 4c 
1.4 
1.6 
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o.io 

U.20 
0.30 

0.60 

O.bO 
0.6U 
0.7o 
O.BO 
0.90 
1.U0 
1.10 
1.20 
I.JO 

1.60 

1.50 
1.60 
1.70 
1.60 


255. 

bb<*n. 
71375. 
7aV*7. 
6UV7H. 
56S52. 
»b603. 
2BV60. 
1V663. 

2UI41. 

I7BJC 
I37b2. 

761«. 

696|. 

Jbl]. 

2763. 

120A. 

1112. 


2.41 
6.N2 
6.0b 
4.BB 
4.7V 
4. 7b 
4.66 
CO 

6.29 

6.JU 

*.2» 
6.1* 

3.BV 

3.9* 

3.5b 
3.4* 
3.00 
3.0b 


0.90 
1.23 
1.27 
1.29 

l.*b 
1.3* 
1.31 
l.*0 
l.*6 
1.37 
1.3B 
l.*U 
l.*U 
l.*B 
1.60 
1.36 
1.06 
0.99 


U.90 
1.14 
1.26 
1.3* 
1.36 
1.37 
l.Jb 
1.39 
l.*l 
l.*0 
l.JB 
l.JV 
l.*3 
l.b2 
l.bl 
l.Jb 
1.14 
0.99 


23.30 

9.27 

B.b6 

8.71 

B.32 

8.2B 

B.bU 

0.17 

B.70 

10.06 

10. VV 

11.24 

11. to 

10.64 
10.69 
13.*5 
10.26 
22.30 


23.66 
2b.  *S 
2*.  00 
2*.B9 
22.23 
21.65 
20.90 
17.  07 
17.36 
20.23 
21.51 
20.B3 
19.37 
17.29 
15.45 
18.72 
22.53 
27.30 


37.89 
40.72 
38.40 
39. B2 
3b.  57 
34.66 
33.** 
2B.59 
27.77 
32.37 
34.  42 
33.32 
31.00 
27.66 
24.72 
29.96 
36.05 
43.66 


72.  «4 
50.33 
41.45 
37.14 
35.92 
35.45 
36.27 
3*. 19 
33.16 
33.56 
3*.  55 
34.03 
32.27 
28.03 
28.64 
35.57 
50.27 
63.06 


30.6 
19.6 
17.3 
16.9 
16.2 
16.4 
17.4 
19.1 
19.1 
16.6 
16.1 
16.3 
16.7 
16.2 
16.5 
19.0 
22.3 
23.1 


9.6 
3.6 
3.6 
3.5 
3.7 
3.6 
4.1 
4.6 
5.0 
5.0 
5.1 
S.4 
6.0 
6.2 
6.9 
7.2 
6.1 
6.2 


2.8 

2.1 
2.0 
1.6 
1.9 
1.9 
2.0 
2.1 
2.) 
1.9 
1.9 
1.9 
1.9 
1.9 
2.0 
2.1 
2.3 
2.3 
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0.10 

21A. 

2.3* 

0.6b 

0.66 

19.67 

IV. 64 

31.75 

114.21 

57.6 

10.0 

4.4 

U.2U 

59264. 

4.77 

1.23 

1.09 

6.97 

10.46 

29.54 

53.94 

29.2 

3.8 

2.7 

O.JO 

3b70a. 

4.59 

1.39 

1.29 

7.56 

17.61 

2B.49 

39.67 

22.3 

4.2 

2.3 

o.*o 

»2B7o. 

4.6J 

1.2b 

1.26 

7.00 

lb. 93 

27.09 

60.12 

2"».7 

4.1 

2.3 

O.bO 

*vooi . 

4.6V 

1.2U 

1.19 

7.bb 

10.94 

30.30 

66.37 

2*.  5 

4.0 

2.4 

0.60 

*26b9. 

6. 63 

1.10 

1.03 

10.43 

25.18 

40.29 

59.82 

23.8 

4.1 

2.3 

0.7u 

319V)  . 

4.51 

0.77 

U.V1 

15.  U 

J3.92 

S4.27 

72.34 

21.3 

4.5 

2.2 

U.Bl) 

2-W9.. 

«•  JV 

0.B5 

U.91 

16. S* 

34.07 

55.79 

72.2* 

20.7 

4.7 

2»Z 

o.vv 

2238*. 

*.3b 

1.11 

1.0b 

16.21 

33.36 

53.38 

54.9? 

16.5 

4.9 

1.9 

1.U0 

19775. 

4.30 

1.28 

1.18 

12.91 

25.05 

41.37 

47.32 

16.3 

5.0 

2.0 

l.lo 

12712. 

*.  10 

1.1* 

l.*7 

Ib.OJ 

27.40 

43.0* 

30.2* 

11.0 

5.5 

1.6 

1.20 

»*9«. 

3.vo 

1.99 

1.02 

b.OU 

B.bl 

13.76 

'     17.22 

20.0 

5.S 

2.1 

l.JU 

9b7|. 

3.7b 

2.33 

2.33 

4.01 

b.26 

10.02 

b.27 

6,* 

6.4 

1.6 

*e  following  a  value  denotes  an  estimate 
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Table  66. — Data  for  defining  moisture  relations  in  soils — Continued 


H   DEPTH 


HETFNT10N 
FpwCE 


VOLUME 


AvtKAl>£        SOIL 


HEIGHT5 


MOISTURE  AOSOBPTION 
HETEMION  CAPABILITY 
CAPA0I„ITY 


G/SOCM   PF    G/CC 


&/CC 


voio  j,     »nio 

CAPACITY*  CATCHY  * 


MOuFCULAR 

LAYERS 
OF  HATER 
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0.10 

380. 

2. 59 

1.66 

0.66 

23.47 

25.06 

<>o.io 

0.20 

6690. 

J.  83 

l.?b 

1.01 

13.12 

21.16 

33.85 

0.  10 

lo43<J. 

4.U". 

1.10 

1.20 

11. Jl 

2U.U0 

32.01 

«.'» 

HOlQ. 

4.0,4 

1.** 

1.25 

10.77 

19. OB 

30.52 

o.-o 

Iu9<,n. 

4.U. 

1.16 

l.*o 

10.06 

19.21 

31.73 

0.60 

/10J. 

3.83 

l.SS 

1.39 

10.91 

17.70 

2«.45 

0.70 

£<•<*«-. 

3.<.0 

l.»S 

1.32 

12.12 

16.61 

26.37 

0.00 

63«-. 

£.10 

1.56 

1.55 

15.33 

17.38 

27.82 

0.40 

lHo. 

2.<f/ 

1.65 

1.60 

16. 0S 

16.56 

26.30 

l.VO 

156. 

2.19 

I.  59 

1.5* 

18. 3U 

17.»-2 

20.19 

1.10 

121. 

2.0b 

1.39 

1.45 

20.03 

If. 78 

30.04 

1.20 

127. 

2.10 

1.39 

1.48 

22.35 

21.06 

33.70 

1.30 

10*.. 

2.03 

1.60 

1.30 

21.39 

19.78 

31.65 

1.40 

11«. 

2.07 

1.67 

1.67 

20.4ta 

19.58 

31. J? 

1.50 

113. 

2.05 

1.6S 

1.6Se 

22.3b 

20.81 

33.30 

1.60 

101. 

2.0l 

1.74 

1.65e 

22.95 

21.16 

33.85 

1.70 

si- 

1.46 

I. 65 

1.63c 

23.51 

21,40 

34.25 

1.00 

los. 

2.02 

U55 

1.6'.e 

23.26 

21.  *8 

3*. 37 

1.90 

111. 

2.03 

1.B3 

1.52c 

23.93 

22.24 

35.59 

113.75 

»=.<• 

61.62 

29.1 

40.42 

2o.? 

42.43 

27.2 

33.79 

17.6 

34.24 

19.3 

28.(12 

16.9 

26.69 

11.* 

74.08 

11.0 

27.19 

11.* 

31.02 

16.5 

29.61 

l*.l 

25.65 

n.o 

22. ?9 

it.* 

22.26e 

10. 7e 

22.95e    . 

10.  Se 

23.51e 

11. Oe 

23.26e 

10.  Be 

23.93* 

10.8* 

BEULAH  TRENCH  SITE  11  DATE  OF  SAMPLING:  9/15/76 


BEULAH  TRENCH  SITE  12   DATE  OF  SAMPLING:  9/15/76 


SOIL 
MOISTURE 


MOLECULAR 

LAYERS 
OF  WATER 


9.* 

6.2 
5.7 

1.6 

5.7 
6.1 
7.3 

8.8 
10.2 
10. * 
10.7 
10.6 
10. « 
in. 7 

10.7 

in. 8 

11.0 
10.  8 

lo. a 


PERMEABILITY* 


CM/HR 


3.7 
2.7 
2.1 
2.3 

2.0 
2.1 
1.9 
1." 

1.8 

1.8 
1.9 
1.8 
1.7 
1.6 
1.6e 
1.6e 
1.6e 
1.6* 
l.t* 


0.10 

•.907. 

3.69 

0.09 

0.09 

13.27 

20.27 

32.  *3 

75.75 

37.1 

6.5 

3.7 

0.20 

7O03P. 

*.09 

1.05 

0.99 

10.96 

31.  *5 

50.  32 

63.12 

20.1 

3.5 

2.1 

0.30 

00077. 

*.91 

1  .Ota 

1.11 

10.  *3 

30. *2 

*8.67 

52.46 

17.2 

3.* 

2.0 

0.<.0 

1006S1. 

5.00 

1.2ta 

1.15 

10.69 

33.5* 

53.66 

49.02 

14.6 

3.2 

1.8 

0.30 

5660S. 

*.73 

1.19 

1.20 

10.12 

26.05 

*2.32 

45.46 

17.2 

3.8 

1.9 

0.60 

71723. 

<>.d6 

1.18 

I.JO 

10.25 

28.78 

46. Ota 

39.35 

11.7 

3.6 

1.7 

0.70 

623-s. 

*.  79 

1.52 

1.30 

10.0* 

27.01 

*3.22 

34.67 

12. B 

3.7 

1.7 

u.rO 

tatfta4«.. 

"..69 

l.tata 

1.57 

10.** 

26.20 

*1.92 

25. HO 

9.8 

4.0  t 

1.5 

0.90 

*-74<.. 

*.39 

1.76 

1.5* 

9.77 

20.58 

32.93 

27.16 

11.2 

4.7 

1.7 

1.00 

224f,«,. 

4.36 

l.*2 

1.57 

9.0? 

20.** 

32.71 

25.99 

12.7 

4.8 

1.7 

1.10 

34  U. 

3.7J 

1.52 

1.32 

12.23 

14. 00 

30.40 

20.17 

14.0 

6.* 

1.8 

1.20 

151?. 

3.1b 

1.61 

1.68 

14.31 

18.21 

29.14 

21.75 

11.9 

7.9 

1.6 

1.30 

679. 

2.9". 

1.92 

l.B6e 

16.12 

19.06 

30.*9 

16.12c 

8.5e 

8.5 

1.4* 

l.»0 

72H. 

2. MO 

2.20 

l.Hfte 

1 6  .  u  1 

10. *7 

29.55 

16.01a 

8.7e 

8.7 

1.4a 

1.50 

121h. 

3.00 

2.22 

1.82e 

l/.<i3 

21.30 

3*. 08 

17.25e 

B.la 

8.1 

1.4a 

0.10 

2787. 

3.45 

0.76 

0.76 

13.86 

19.31 

30.90 

94.14 

tn.7 

7.2 

3.9 

v.tv 

39010. 

4.S9 

1.29 

1.11 

5.71 

13. *7 

21.55 

52.16 

3R.7 

4.2 

3.3 

b.JO 

78HSP.. 

4.40 

1.29 

1.40 

5.54 

16.02 

25.64 

33.57 

20.9 

3.5 

2.2 

0.4(1 

0ta^Sl. 

4.V3 

1.63 

1.45 

6.00 

n.73 

78.37 

31. no 

17.5 

3.4 

2.0 

0.50 

bUtatata. 

4.41 

1  .40 

1.50 

b.J5 

10.50 

79.60 

20. B6 

11.6 

.1.4 

1.9 

0.60 

40911. 

4.61 

1.4J 

1.4U 

7.72 

10.44 

29.50 

3J.71 

1">. 3 

4.2 

2.0 

0.  10 

JohSta. 

4.34 

1.32 

1.34 

11. 9M 

?b.<;3 

45.  17 

•    16. "n 

13.1 

4.2 

1.7 

0.00 

J009J. 

4.48 

1.27 

1.35 

17.53 

30.71 

61.94 

36.30 

9.* 

4.5 

1.5 

0.90 

2500  1. 

ta.tal 

1.46 

1.43 

15.34 

32.63 

52.21 

32.25 

9.9 

4.7 

l.S 

1.00 

lJf lr. 

4.  1  ■• 

1.56 

1.54 

15.53 

20.  79 

46.06 

25.11 

8.7 

5.* 

1.* 

1.10 

15154. 

4.  19 

1.75 

1.60 

16.15 

30.61 

40.97 

21.94 

7.2 

5.3 

.     1.3 

1.20 

1130C. 

4.IJ5 

1.72 

1.74 

17.2) 

30.73 

49.17 

19.  68 

6.* 

5.6 

1.3 

1.30 

605e. 

3.H4 

1.75 

1.67 

19.43 

31.47 

50.35 

22.07 

7.0 

6.2 

1.3 

1.4U 

60t«. 

3.HJ 

1.34 

1.5b 

22.04 

35.6  7 

57.08 

25.56 

7.2 

6.2 

1.3 

1.50 

J542. 

3.55 

1  .  tata 

1.27 

24.68 

35.73 

57.17 

41.26 

11.5 

6.9 

1.6 

1.60 

1199. 

3.08 

0.81 

0.81 

61.1* 

75.36 

120.57 

85.33 

11.3 

8.1 

1.6 

II 

II 

II 

I 

I 

II 
II 

II 

I 

ll 


*e  following  a  value  denotes  an  estimate 
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Table  66. — Data  for  defining  moisture  relations  in  soils — Continued 


M   3£PTM    RETENTION   VOLUME   AVEWAOjE    SOIL     MOISTURE   ADSORPTION      VOIO   +   VOID   .     SOIL      PERMEABILITY  * 

FriHCE     KtlOMt   VULUMt   MOISTURE   RETENTION   CAPABILITY     CAPACITY   CAPACITY  *  MOISTURE 
■  LlOMI*          CAPAML1TY 

M     G/SQCM   PF    O/CC     1>/CC        »  ft  %  ft     MOlFCULAR  MOLECULAR       C»VMR 

LAYERS      LAYERS 

Of  WATER  OF  WATER 


BEULAH  TRENCH  SITE  13   DATE  OF  SAMPLING:  9/15/76 


0.10 

2783. 

3.44 

n.»l 

O.ttl 

11.17 

15. b6 

24.89 

85.93 

55.2 

7.2 

4.3 

0.20 

57890. 

4.76 

1.6*. 

1.33 

0.62 

22.  68 

36.28 

37.22 

16.4 

3.8 

1.9 

0.30 

2085). 

1.3J 

1.S6 

1.60 

6.40 

17.02 

27.23 

24.88 

14.6 

4.9 

1.8 

0.40 

24:>3».. 

4.39 

1.60 

l.b9 

B.63 

18. b7 

29.72 

25.07 

13.5 

4.8 

1.7 

11. 10 

lu6".T. 

4.0J 

1.62 

1.61 

9.67 

It. 01 

27.21 

24.53 

14.4 

5.7 

1.8 

6.60 

2jy8«. 

4.38 

1.60 

1.60 

10.09 

21.11 

33.78 

24.65 

11.7 

4.8 

1.6 

o.  /o 

£V17l . 

4.46 

1.59 

1.67 

1U.03 

21.99 

35.19 

22.02 

10.0 

4.6 

1.5 

O.»0 

J2603. 

4.51 

l.«3 

i.ro 

6.  24 

U.06 

22.50 

19.16 

13.6 

4.4 

1.7 

0.9J 

6<<J<-. 

3.n2 

1.8S 

1.77 

9.4l 

lb. IS 

24.24 

18.66 

12.3 

6.2 

1.7 

l.uO 

117?. 

3.0/ 

1.64 

l.bl 

11. b3 

14.16 

22.66 

2*. 63 

21.2 

*.l 

2.1 

1.10 

•  Is. 

i.<-^ 

1.03 

1.S4 

11. bj 

12. 7j 

20.36 

27. in 

21.3 

9.3 

Z.Z 

1.2o 

867. 

2.94 

1.96 

1.60 

11. 9u 

lb. 04 

22.46 

22.68 

16.2 

8.5 

1.9 

I. JO 

556. 

2.74 

1.97 

2.02e 

11.67 

13.01 

20.82 

11.67e 

9.0e 

9.0 

1.4a 

1  .-0 

779. 

2.89 

2.4d 

2.04e 

11.31 

13.16 

21.06 

11.31e 

8.6e 

8.6 

1. 4a 

1.5.0 

1031. 

3.01 

1  .84 

2.02e 

11.6/ 

1».09 

22.55 

11.67e 

8.3e 

8.3 

I.4a 

1.60 

391. 

2.59 

1.77 

1.77 

11.60 

12. 40 

19.84 

18.81 

15.2 

9.4 

1.8 

BEULAH  TRENCH  SITE  14   DATE  OF  SAMPLING:  9/15/76 


0.10 

321.    2.51 

0.81 

0.81 

25.94 

27.08 

43.33 

85.41 

31.5 

9.6 

2.8 

0.20 

62-93.    4. BO 

1.16 

1.09 

10.05 

27.04 

43.27 

53.68 

19. B 

3.7 

2.1 

0.30 

7««261.    4.87 

1.31 

1.28 

10.35 

29.38 

47.00 

40.51 

13.8 

3.5 

1.7 

0.40 

71381.    4.8b 

1.36 

1.42 

9.58 

26.86 

42.97 

32.61 

12.1 

3.6 

1.6 

0.50 

57552.    4.76 

1.59 

1.50 

10.09 

26.50 

42.40 

28.85 

10.9 

3.8 

1.6 

0.60 

5071b.    4.71 

1.55 

l.bB 

10.37 

26.27 

42.03 

25.58 

9.7 

3.9 

1.5 

0.70 

34974.    4.54 

1.60 

1.56 

11.74 

26.91 

43.06 

26.36 

9.8 

4.4 

1.5 

0.80 

2V460.    4.47 

1.53 

1.53 

11.98 

26.31 

42.10 

27.53 

10.5 

4.6 

l.S 

BEULAH  TRENCH  SITE  15  DATE  OF  SAMPLING:  9/15/76 


0.10 

198. 

2.30 

0.71 

0.71 

29.94 

29.60 

47.36 

102.73 

34.7 

10.1 

3.0 

0.20 

2560Q. 

4.41 

1.31 

1.05 

12.83 

27.25 

43.61 

57.23 

21.0 

4.7 

2.2 

O.30 

40688. 

4.67 

1.1- 

1.22 

9.31 

23.04 

36.87 

44.26 

19.2 

4.0 

2.1 

u.uo 

J223o. 

4.51 

1.21 

1.30 

11.20 

25.15 

40.25 

38.97 

15.5 

4.5 

1.8 

0.50 

32-UP. 

».bl 

1.56 

1.43 

10.82 

24.33 

38.92 

32.02 

13.2 

4.4 

1.7 

U.60 

3124*. 

4.W 

1.53 

1.63 

11.78 

26.25 

42.01 

23.71 

9.0 

4.5 

1.5 

0.70 

2o6S5. 

4.46 

1.79 

1.85 

11.66 

25.45 

40.71 

16.40 

6.4 

4.6 

1.3 

0.80 

13443. 

4.1V 

2.22 

1  .9tt 

12.27 

23.28 

37.25 

12.86 

5.5 

5.3 

1.2 

0.9O 

11502. 

4.0° 

1.92 

1.9Se 

13.68 

2*. 43 

39.08 

13.63e 

5.6« 

5.6 

1.2a 

0.95 

1J923. 

4.  14 

1.72 

1.72 

13.75 

25.54 

40.66 

20.35 

P.O 

5.4 

1.6 

BEULAH  TRENCH  SITE  16   DATE  OF  SAMPLING:  9/15/76 


0.10 

89. 

1.9b 

0.82 

0.82 

27.25 

24.76 

39.61 

83.93 

33.9 

11.0 

3.0 

0.20 

2^<.. 

3.47 

1.27 

1.07 

10.54 

14.80 

23.66 

55.89 

37.8 

7.1 

3.2 

0.30 

12293. 

4.09 

1.11 

1.12 

8.41 

15.22 

24.35 

51.36 

33.7 

5.5 

3.0 

0.<t0 

1246*. 

4.  10 

0.98 

1.11 

8.27 

15.01 

24.01 

52.43 

34.9 

5.5 

3.0 

O.bO 

i3sm. 

».1J 

1.23 

1.24 

7.88 

14.54 

23.27 

42.77 

29.4 

5.4 

2.7 

0.60 

12'12. 

4.10 

l.bl 

1  .44 

6.38 

11.63 

18.60 

31.92 

27.5 

5.5 

2.6 

0.70 

603t. 

3.90 

1.57 

l.b<» 

6.8  7 

11.46 

18.33 

27.00 

23.6 

6.0 

2.3 

0.80 

6639. 

3.»2 

1.56 

l.bl 

7.96 

12.63 

20.52 

28.29 

22.1 

6.2 

2.2 

0.90 

Jbie. 

3.b» 

1.42 

1.46 

6.11 

11.72 

18.75 

30.57 

26.1 

6.9 

2.5 

1.00 

JOhu. 

3.49 

1.41 

1.43 

7.92 

11.21 

1  7.94 

32.39 

28.9 

7.1 

2.7 

1.10 

3395. 

3.53 

1.45 

l.bO 

8.49 

12.21 

19.53 

29.07 

23.8 

7.0 

2.6 

1.20 

288]. 

3.46 

1.63 

1.58 

9.87 

13.82 

22.12 

25.75 

18.6 

7.1 

2.0 

1.30 

1769. 

3.2a 

1.6b 

l.b3 

10.54 

13.72 

21.95 

27.49 

20.0 

7.7 

2.1 

l.-u 

2175. 

3.34 

1.32 

l.b6 

10.16 

13.63 

21.81 

26.30 

19.3 

7.5 

2.1 

1.50 

1804. 

3.26 

1.72 

1.56 

10.1b 

13.25 

21.20 

26.34 

19.9 

7.7 

2.1 

1.60 

174b. 

3.24 

1.64 

1.64 

11.25 

14.61 

23.38 

23.06 

15.8 

7.7 

1.9 

*e  following  a  value  denotes  an  estimate 
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Table  66  . — Data  for  defining  moisture  relations  in  soils — Continued 


II 
II 


K   OCPIM     RETENTION   VOLUME   AvtRAuE    SOIL      HOISIURE   ADSORPTION 
FORCE     »EIOMT   »JLUi»c.   MOISTURE   HETENlION   CAPABILITY 

titloHf   •'  Capability 


G/SOCM   PF    G/CC 


6/CC 


VOIO  A       void 
CAPACITY'  CAPACITY* 


MOLECULAR 

LAYERS 
OE  WATER 


SOIL 
MOISTURE 


MOLECULAR 
LAYERS 

OF  «AT£9 


PEfl«EA8lLtTY 


CM/MR 


BEULAH  TRENCH  SITE    17      DATE  OF  SAMPLING:    9/15/76 


O.JO 

103. 

2.01 

1.03 

1.03 

21.50 

19.62 

31.72 

0.20 

2108. 

3.32 

1.13 

1.12 

10. IS 

13.56 

21.69 

0.30 

2V027. 

4.«.6 

1.21 

1.21 

6. 7b 

14.63 

23.73 

0.40 

32761. 

4.32 

1.2V 

1.36 

6. 95 

15.66 

75.06 

0.30 

2oJ9#-. 

4.31 

1.37 

1.47 

6.83 

13.78 

22.00 

0.60 

2J*V1 . 

4.J7 

1.33 

1.32 

6.72 

13.99 

22.36 

0.70 

23*15. 

4.3d 

I.Ob 

1.60 

6.92 

14.47 

23.  14 

u.nO 

|oic». 

"..2/ 

l.tll 

1.63 

6.56 

12.99 

20.76 

0.90 

629*. 

3.92 

1.62 

1.4S 

B.15 

13.66 

21.68 

l.ou 

••36?. 

3.64 

0.93 

1.1B 

&.<•<. 

12.65 

20.  24 

l.lu 

^iS. 

3.«o 

1.00 

1.10 

9.37 

12.67 

20.59 

1.20 

12J?. 

3.0* 

1.37 

1.42 

V.Hi 

11.67 

16.66 

..JO 

17|B. 

3.24 

1.89 

l.bS 

b.2b 

10. 7k 

17.16 

l.*o 

331. 

2.-52 

1.69 

1.63 

b.57 

H.9H 

14.35 

1.30 

2J1. 

,2.3t> 

I. VI 

l.b4 

10.03 

10.09 

16.14 

1.60 

<«o«-. 

2.6l 

1.93 

1  .vn 

10. Ob 

11.2* 

17.99 

1.7o 

213. 

2.33 

2.10 

1.93 

10.00 

9.96 

15.94 

l.bu 

2U. 

2.33 

1.77 

1.95 

9.66 

9.63 

15.41 

1.90 

33?. 

2.53 

1.99 

1.95 

10.09 

10.61 

16.96 

2.00 

21(  . 

i.M 

?.!'» 

2.03 

10.24 

10.19 

16.31 

2.1o 

«rO]  . 

2.30 

2.03 

2.08c 

10.23 

10.15 

16.24 

2.20 

19S. 

i.e* 

2.17 

2.10e 

9.b5 

9.72 

15.36 

2.  Jo 

l''Q. 

2.30 

2.13 

2.03 

9.5H 

9.47 

15.16 

i.-0 

19?. 

2.20 

l.bO 

1.60 

10.21 

10.06 

16.09 

99.11 

29.6 

51.31 

37.8 

44.94 

30.3 

35.69 

2?. 9 

30.44 

22.1 

26.01 

20.0 

24.61 

17.1 

23.77 

18.3 

31.19 

2?. 8 

46.69 

37.1 

53.19 

41.3 

32.70 

28.0 

22.85 

21.3 

16.91 

18.8 

16.49 

16.4 

12.76 

11.3 

13.99 

14.0 

13.49 

14.0 

13.66 

17.9 

11. SO 

11.3 

10.25* 

10. U 

9.85e 

10.1* 

11.41 

17.0 

17.68 

17.8 

10. • 

T.S 

4.6 

4.4 

5.0 

4.8 

4.8 

S.l 

6.0 

6.7 

7.3 

6.1 

7.T 

9.5 

9.9 

9.3 

10.0 

10.0 

9.S 

10.1 

10.1 

10.1 

10.1 

10.1 


8.T 

3.? 

7.T 
2.3 
2.2 

2.1 

1.9 
2.0 
2.3 
3.2 
3.4 
2.6 
2.? 
2.0 
1.9 
1.6 
1.8 
1.8 
1.7 
1.6 
l.S* 
l.St 
1.6 
2.n 


BEULAH  TRENCH  SITE  18  DATE  OF  SAMPLING:  9/15/76 


0.10 

114. 
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SCREENABLE  SOIL  CHARACTERIZATION 
AS  RELATED  TO 
LAND  RECLAMATION 

By 
William  B.  Peters,  Luvern  L.  Resler,  and  Robert  Vader  1/ 


Soil  is  characterized  by  laboratory  methods  to  confirm  judgment  in  field 
appraisals.   There  is  a  tendency  among  most  laboratory  activities  to 
"over  test";  i.e.,  perform  too  many  or  unnecessary  tests  on  certain 
soils  at  the  expense  of  not  performing  essential  or  critical  testing  on 
particular  samples.   Also,  laboratory  activities  tend  to  emphasize  com- 
prehensive analyses  of  samples  from  master  sites  and  neglect  selection, 
sequence,  and  quality  control  in  mass  testing  performed  on  a  screenable 
basis.   The  latter-type  testing  is  frequently  handled  as  routine  work 
utilizing  the  least  dependable  personnel  and  considered  not  worthy  of 
competent  and  close  supervision.   Thus,  too  often  the  screenable  labo- 
ratory testing  becomes  a  liability  rather  than  an  asset  in  supporting 
land  classification  surveys.   Because  the  screenable  testing  represents 
coverage  of  areas  involving  a  high  sampling  density,  it  serves  as  an 
extremely  important  input  into  land  categorization.   Therefore,  it 
should  be  administered  for  performance  with  respect  to  both  quality  and 
quantity  commensurate  with  the  goals  and  objectives  of  the  investigation. 

The  objective  of  characterizing  soil  and  overburden  will  be  to  support 
judgment  in  estimating  land  reclamation  potential.   (Overburden  refers 
to  the  material  consolidated  or  unconsolidated  overlying  minable  resources 
in  relation  to  surface  mining.)   Thus,  the  laboratory  analyses  must  be 
performed  on  an  action  program  basis  and  serve  a  practical  purpose. 
Therefore,  it  is  essential  the  physical  and  chemical  characteristics  of 
the  soil  and  overburden  be  appraised  in  relation  to  edaphology;  i.e., 
a  medium  suitable  for  the  support  of  plant  growth,  rather  than  pedology. 

Because  the  laboratory  studies  should  serve  to  support  field  appraisals, 
all  laboratory  work  should  be  closely  coordinated  with  fieldwork.   For 
full  effectiveness,  laboratory  studies  must  be  preceded  by  field  studies. 
The  number  and  type  of  studies  will  be  determined  by  area  conditions  - 
particularly  variability,  the  controlling  project  specifications,  and 
needs.   There  should  be  a  joint  plan  between  field  and  laboratory  inves- 
tigations prior  to  taking  of  samples  if  maximum  utilization  of  data  is 


1/   Head  and  Soil  Scientists,  respectively,  Land  Utilization  Section, 
Resource  Analysis  Branch,  Division  of  Planning  Coordination,  U.S. 
Department  of  the  Interior,  Bureau  of  Reclamation,  Denver,  Colorado,  U.S. A, 
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to  be  obtained.   Problems  should  be  studied  rather  than  standard  or 
routine  tests  made  [Kellogg,  1962]. 

In  submitting  soil  samples  for  laboratory  characterizations ,  the  labo- 
ratory should  be  furnished  with  pertinent  field  appraisals  along  with 
the  tentative  land  utilization  and  quality  designation.   The  soil  and 
subsoil  samples  should  represent  genetic  horizons  with  no  more  than 
60-cm  depth  per  sample.   Substrata  samples  should  represent  uniform 
overburden  with  no  more  than  200  cm  per  sample  unless  drill  hole  diam- 
eters preclude  obtaining  sufficient  material  for  laboratory  and  green- 
house studies. 

The  first  priority  in  laboratory  characterization  should  be  accomplished 
by  direct  and  indirect  measurements  for  evaluating  soil  structure  and 
its  stability,  soil-cation-exchange  capacity  or  surface  area,  and  soil 
reaction.   After  this  is  accomplished,  then  consideration  should  be  given 
to  testing  that  confirms,  explains  the  causes  of  phenomena  previously 
observed  or  predicted,  reveals  the  presence  of  toxic  elements  (salinity 
level,  boron  content,  alkali,  acidity,  reduction  products,  etc.),  and 
indicates  what  and  how  much  is  required  to  cope  with  the  soil  deficiency 
under  eventual  field  conditions  and  the  moisture  regimen  expected  to 
prevail  {Peters,  1965J . 

Based  on  present  knowledge  of  the  area,  the  support  characterizations 
should  include  field  measurements  for  water  movement  and  retention  in 
soil  and  laboratory  determinations  for  structure  stability  [Gardner, 
1945]  through  measurements  of  floe  volume  and  hydraulic  conductivity  of 
fragmented  samples;  moisture  retentivity  at  15-bars  pressure;  soil 
reaction  by  measurement  of  pH  in  water  and  neutral  salt  solution;  soil 
salinity  by  measurement  of  specific  electrical  conductance  of  soil-water 
extracts;  soil  solution  concentration  and  composition  including  sodium 
and  calcium  plus  magnesium;  cation  exchange  capacity;  exchangeable  cation 
status;  residual  gypsum;  gypsum  requirement;  acid  soluble  carbonates; 
and  others. 

Samples  collected  in  a  reduced  state  may  be  alkaline  or  neutral  while 
reduced,  but  acid  when  oxidized.   Therefore,  we  should  be  on  the  "look- 
out" for  such  conditions  and  characteristics  and  assure  reduced  material 
is  also  analyzed  in  an  aerated  condition.   Samples  exhibiting  acidity 
upon  oxidation  should  be  further  analyzed  to  ascertain  reduction  prod- 
ucts associated  with  the  observed  phenomenon. 

Should  conventional  acidity;  i.e.,  other  than  oxidation  product,  be 
encountered,  the  testing  will  be  expanded  to  include  acidity  by  measure- 
ment of  neutral  salt  exchange  acidity  including  aluminum,  titratable 
acidity  (amount  of  acidity  neutralized  at  a  selected  pH) ,  and  soluble 
aluminum. 
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In  screenable  testing,  the  characterization  for  moisture  retentivity  at 
pressures  less  than  15  bars  is  not  recommended  unless  a  suitable  use  can 
be  established.   Measurements  of  moisture  retentivity  at  15-bars  pressure 
are  recommended  because  water  content  at  this  potential  is  usually  cor- 
related with  several  characteristics  including  amount  and  kind  of  clay, 
surface  area,  and  cation  exchange  capacity.   Moisture  percentages  at 
this  potential  would  probably  not  be  applicable  in  simulating  water 
content  at  wilting  for  native  vegetation. 

In  initial  screening,  diluted  soil-water  suspensions  may  be  substituted 
for  the  time-consuming,  saturated  soil  extracts  in  measuring  electrical 
conductance  provided  limitations  are  ascertained.   The  reliability  of 
higher  moisture  contents  even  as  a  tool  in  screening  depends  on  the  kind 
of  salts  present.   For  chloride  salts,  the  results  will  be  only  slightly 
affected  by  the  moisture  content,  but  if  sulfate  or  carbonate  salts"; 
which  have  relatively  low  solubility,  are  present  in  appreciable  quan- 
tities, the  apparent  amount  of  soluble  salt  will  depend  on  the  soil-water 
ratio  [Richards,  1954]. 

We  do  not  concur  in  the  practice  of  characterizing  vast  numbers  of  sam- 
ples for  textural  class  through  measurements  of  particle-size  distribu- 
tion.  This  blanket  laboratory  analysis  for  soil  textural  class  is 
neither  required  nor  desired.   Particle-size  analysis  should  be  limited 
to  master  site  characterization,  the  occasional  confirmation  of  field 
textural  appraisals,  and  the  training  of  new  employees. 

In  the  screenable  characterization  of  samples,  a  procedure  for  the 
sequence  of  testing  and  screening  of  samples  should  encompass  the  fol- 
lowing phases.   Under  Phase  I  of  the  scheme,  all  samples  would  be  char- 
acterized for  (1)  soil  structure  stability  through  measurement  of 
hydraulic  conductivity  on  a  fragmented  sample  basis  during  the  6th  and 
24th  hours  and  volume  of  wet  settled  floccules,  (2)  moisture  retentivity 
at  15-bars  pressure,  (3)  electrical  conductivity  of  soil-water  extract, 
and  (4)  pH  in  water  and  in  0.01  molar  calcium  chloride  solution. 

In  the  second  phase,  selected  samples  suspected  through  the  testing 
results  of  Phase  1  to  be  salt  affected  should  be  characterized  for 
electrical  conductivity  of  the  saturation  extract  and  sodium  adsorption 
ratio. 

In  the  third  phase,  selected  samples  suspected  through  the  testing 
results  of  Phases  I  and  II  to  be  salt  affected  with  respect  to  sodium 
will  be  tested  for  either  gypsum  requirement  or  residual  gypsum,  depend- 
ing on  salinity  levels  and  associated  pH  values.   Residual  gypsum  will 
be  estimated  by  measuring  calcium  plus  magnesium  in  a  1:5  soil-water 
ratio  extract  and  reported  in  milliequivalents  per  100  grams. 
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In  the  fourth  phase,  selected  samples  suspected  through  testing  results 
of  Phase  I  to  be  highly  acid  and  low  in  base  saturation  and  nonsaline 
should  be  further  characterized  for  bases  specifically  sodium  and  calcium 
plus  magnesium  and  acidity  including  the  aluminum  component  extractable 
with  a  neutral  salt;  i.e.,  1.0N  potassium  chloride.   This  will  enable 
computation  of  effective  soil-cation-exchange  capacity;  i.e.,  CEC  at 
soil  pH  and  the  exchangeable  aluminum  percentage  of  this  CEC. 

In  the  fifth  phase,  selected  samples  having  been  characterized  during 
Phases  I,  II,  and  IV  to  be  saline  acid  would  be  characterized  for  soluble 
aluminum. 

The  above-described  characterization  program  would  not  preclude  testing 
on  a  "complete  analysis"  basis  on  samples  from  master  sites. 
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SUPPORTING  DATA 

Soil  Profile  Descriptions  (BLM  7310-9)  Followed  by  Determination 
of  Erosion  Condition  Class  (BLM  7310-12)  for  the  Following  Profiles 
in  the  Order  listed: 
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LABORATORY  ANALYSES  AND  PROCEDURES 


Disturbed  Hydraulic  Conductivity  was  determined  by  the  use  of  plastic 
tubes  (Richards,  et.  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agricultural  Handbook  No.  60,  34b: 112-113) . 

pH  of  1:15  Soil  Suspension  (Richards,  et.  al . ,  1954,  Diagnosis  and 
Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60, 
21b: 102),  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis,  Part  2,  Agronomy 
No.  9,  American  Society  of  Agronomy  60-3.4:922-923)  and  (Bear,  et  al., 
Chemical  of  Soils,  1964) 

pH  Reading  in  CACI2  Solution  (C .  A.  Black,  et  al.,  Methods  of  Soil  Analysis, 
Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy  60-3.5:923). 

Saturation  Extract  taken  from  saturation  soil  paste  using  Bariod  filter 
press  and  measuring  soluble  salts  by  use  of  electrode  conductivity  bridge 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and  Alkali 
Soils,   USDA  Agricultural  Handbook  No.  60,  2  and  3:84-88,  27:107  and 
4:89-90),  C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis,  Part  2,  Agronomy 
No.  9,  American  Society  of  Agronomy  62-1:933-988)  and  (Bear,  et  al., 
Chemical  of  Soils,  1964). 

Carbonates  and  bicarbonates  were  determined  by  acid  titration  and  chlorides 
were  determined  by  the  Mohr  volumetric  method  (Richards,  et  al.,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agricultural 
Handbook  No.  60,  82:145-146  and  84:146),  C.  A.  Black,  et  al.,  Methods  of 
Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy  62-3.4.1 
945-947  and  62-3.5.1:947-948),  (M.  J.  Taras,  et  al.,  Standard  Methods  for 
the  Examination  of  Water  and  Wasteway,  Thirteenth  Edition,  for  carbonate 
and  bicarbonate  only  102:52-56),  (Bear,  et  al.,  Chemical  of  Soils,  1964), 
and  (Brown,  Skougstad  and  Fishman,  Techniques  of  Water  Resources  Investi- 
gation of  USGS,  Chapter  Al,  "Methods  for  Collection  and  Analysis  of  Water 
Samples  for  Dissolved  Minerals  and  Gases,"  Book  5  -  Laboratory  analysis 
chloride  only,  p.  69). 

Sodium,  Potassium,  Calcium  and  Magnesium  were  determined  by  atomic 
absorption  (Perkin-Elmer,  Analytical  Method  for  Atomic  Absorption 
Spectrophotometry,  1973)  and  (Brown,  Skougstad  and  Fishman,  Techniques 
of  Water  Resources  Investigation  of  USGS,  Chapter  Al,  "Methods  for 
Collection  and  Analysis  of  Water  Samples  for  Dissolved  Minerals  and 
Gases,"  Book  5  -  Laboratory  Analysis,  66,  109,  133,  and  143). 

Nitrate  was  determined  by  phenoldsulfonic  acid  (Richards,  et  al.,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agricultural 
Handbook  No.  60,  15:100),  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis 
Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy  84-5.3:1216-1219) 
and  (M.  J.  Taras,  et  al.,  Standard  Methods  for  the  Examination  of  Water 
and  Wasteway,  Thirteenth  Edition,  133:233-237). 
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Exchangeable  Sodium  and  Potassium  were  extracted  by  ammonium  acetate 
solution.   Cation-Exchange  Capacity  was  extracted  by  ammonium  acetate 
and  sodium  acetate  (Richards,  et  al.,  1954,  Diagnosis  and  Improvement 
of  Saline  and  Alkali  Soils,  USDA  Agricultural  Handbook  No.  60,  18:100-101 
and  19:101)  and  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis,  Part  2, 
Agronomy  No.  9,  American  Society  of  Agronomy  72-3:1033,  72-3.2.1:1033- 
1034  and  57-1:891-895). 

Exchangeable  Sodium  Percentage  was  determined  by  calculation  (Richards, 
et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agricultural  Handbook  No.  60,  20a: 101). 

Gypsum  determined  by  increase  in  soluble  calcium  plus  magnesium  content 
upon  dilution  (Richards,  et.  al.,  1954,  Diagnosis  and  Improvement  of  Saline 
and  Alkali  Soils,  USDA  Agricultural  Handbook  No.  60,  22c: 104). 

Gypsum  Requirement  (Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of 
Saline  and  Alkali  Soils,  USDA  Agricultural  Handbook  No.  60,  22d:  104-105). 

Boron  was  determined  by  extracting  with  hot  water  (Bear,  et  al.,  Chemical 
of  Soils ,  490-494)  and  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis, 
Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy  75-4:1062-1063). 

Trace  Metals  were  determined  by  atomic  absorption  either  by  flame  or 
graphite  furnace  (Perkin-Elmer,  Analytical  Method  for  Atomic  Absorption 
Spectrophotometry,  1973),  (Brown,  Skougstad  and  Fishman,  Techniques  of 
Water  Resources  Investigation  of  USGS,  Chapter  Al ,  "Methods  for  Collection 
and  Analysis  .of  Water  Samples  for  Dissolved  Minerals  and  Gases, "Book  5  - 
Laboratory  Analysis,  50-157)  and  (M.  J.  Taras,  et  al.,  Standard  Methods 
for  the  Examination  of  Water  and  Wasteway,  Thirteenth  Edition) . 

Organic  Carbon  -  The  Walkley-Block  method  is  used,  and  diphenylamine  is 
the  indicator.   (Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9 
American  Society  of  Agronomy  90-3:1372-1375). 

Bulk  Density  -  Clod  method.   Density  measured  by  water  displacement. 
(Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy  30-4:381-383). 

Moisture  Retention  was  determined  by  ceramic  plates  (Richards,  et  al., 
1954,  Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agriculture  Handbook  No.  60,  29,  30  and  31:109-110). 

Particle-Size  Analyses  were  determined  by  pipeting  analysis  (Richards, 
et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils, 
USDA  Agricultural  Handbook  No.  60,  41:122-124). 
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GLOSSARY 

Annual  Plant  (annuals) ,  A  plant  that  completes  its  life  cycle  and 
dies  in  1  year  or  less. 

Aspect,  The  direction  toward  which  a  slope  faces.   Exposure. 

Available  Nutrient,  The  part  of  the  supply  of  a  plant  nutrient  in 

the  soil  that  can  be  taken  up  by  plants  at  rates  and  in  amounts 
significant  to  plant  growth. 

Available  Water,  The  part  of  the  water  in  the  soil  that  can  be  taken 
up  by  plants  at  rates  significant  to  their  growth.   Usable: 
obtainable. 

Bedrock,  Any  part  of  the  consolidated  geologic  formation,  soft, 

weathered  or  hard  that  has  remained  in  place  and  is  relatively 
unchanged . 

Broadcast  Seeding,  Scattering  seed  on  the  surface  of  the  soil. 

Contrast  with  drill  seeding  which  places  the  seed  in  rows  in 
the  soil. 

Buffer,  Substances  in  soil  or  water  that  act  chemically  to  resist 
changes  in  reaction  or  pH. 

Calcareous  Soil,  Soil  containing  sufficient  calcium  carbonate  (often 
with  magnesium  carbonate)  to  effervesce  visibly  when  treated 
with  cold  0.1  normal  hydrochloric  acid. 

Capillary  Water,  The  water  held  in  the  "capillary"  or  small  pores  of 
a  soil,  usually  with  tension  greater  than  60  centimeters  of 
water.  Much  of  this  water  is  considered  to  be  readily  available 
to  plants. 

CFS,  Cubic  feet  per  second  -  measurement  of  water  flow. 

Channel  Stabilization,  Erosion  prevention  and  stabilization  of 
velocity  distribution  in  a  channel,  using  jetties,  drops, 
revetments,  vegetation,  and  other  measures. 

Clay  (soils)   (1)   A  mineral  soil  separate  consisting  of  particles 

less  than  0.002  millimeter  diameter.  (2)  A  soil  textural  class. 
(3)  (engineering)  A  fine-grained  soil  that  has  a  high  plasticity 
index  in  relation  to  the  liquid  limits. 
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Compaction,  The  closing  of  the  pore  spaces  among  the  particles  of 

soil  and  rock,  generally  caused  by  running  heavy  equipment  over 
the  area,  as  in  the  process  of  leveling  the  overburden  material 
of  strip  mine  banks. 

Companion  Crop  (See  Nurse  Crop) 

Conifer,  A  tree  belonging  to  the  order  Coniferae,  usually  evergreen 
with  cones  and  needle-shaped  or  scale-like  leaves  and  producing 
wood  known  commercially  as  "softwood." 

Contour,  An  imaginary  line  connecting  points  of  equal  height  above 
sea  level  as  they  follow  the  relief  of  the  terrain. 

Cool-Season  Plant,  A  plant  that  makes  its  major  growth  during  the 
cool  portion  of  the  year,  primarily  in  the  spring  but  in  some 
localities  in  the  winter. 

Deciduous,  Refers  to  a  tree  that  sheds  all  its  leaves  every  year  at 
a  certain  season. 

Deep  Chiseling,  Deep  chiseling  is  a  surface  treatment  that  loosens 
compacted  spoils.   The  process  creates  a  series  of  parallel 
slots  on  the  contour  in  the  spoils  surface  which  impedes  water 
flows  and  markedly  increases  infiltration. 

Density,  Forage,  The  percent  of  ground  surface  which  appears  to  be 

completely  covered  by  vegetation  when  viewed  directly  from  above. 

Density,  Stand,  Density  of  stocking  expressed  in  number  of  trees  per 
acre. 

Broadcast  Seeding,  A  method  of  establishing  a  stand  of  vegetation  by 
sowing  seed  on  the  ground  surface. 

Dissolved  Solids,  The  difference  between  the  total  and  suspended 
solids  in  water. 

Disturbed  Land,  Land  on  which  excavation  has  occurred  or  upon  which 
overburden  has  been  deposited,  or  both. 

Dozer  or  Bulldozer,  Tractor  with  a  stell  plate  or  blade  mounted  on 
the  front  end  in  such  a  manner  that  it  can  be  used  to  cut  into 
earth  or  other  material  and  move  said  material  primarily  forward 
by  pushing. 
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Ecology,  The  science  that  deals  with  the  mutual  relation  of  plants 
and  animals  to  one  another  and  to  their  environment. 

Ecosystem,  A  total  organic  community  in  a  defined  area  or  time  frame. 

Effective  Precipitation,  That  portion  of  total  precipitation  that 

becomes  available  for  plant  growth.  It  does  not  include  precipi- 
tation lost  to  deep  percolation  below  the  root  zone  or  to  surface 
runoff. 

Effluent,  Any  water  flowing  out  of  the  ground  or  from  an  enclosure 
to  the  surface  flow  network. 

Environment,  All  external  conditions  that  may  act  upon  an  organism 

or  soil  to  influence  its  development,  including  sunlight,  tempera- 
ture, moisture  and  other  organisms. 

Erodibility,  The  relative  ease  with  which  one  soil  erodes  under 
specified  conditions  of  slope  as  compared  with  other  soils 
under  the  same  conditions;  this  applies  to  both  sheet  and 
gully  erosion. 

Erosion,  The  wearing  away  of  the  land  surface  by  running  water,  wind, 

ice,  or  other  geological  agents,  including  such  processes  as 

gravitational  creep.   Detachment  and  movement  of  soil  or  rock 

fragments  by  water,  wind  or  ice,  or  gravity. 

Essential  Element  (plant  nutrition) ,  A  chemical  element  required  for 
the  normal  growth  of  plants. 

Evapotranspiration,  A  collective  term  meaning  the  loss  of  water  to 
the  atmosphere  from  both  evaporation  and  transpiration  by 
vegetation. 

Excavation,  The  act  of  removing  overburden  material. 

Fertilizer,  Any  natural  or  manufactured  material  added  to  the  soil 
in  order  to  supply  one  or  more  plant  nutrients. 

Fertilizer  Grade,  The  guaranteed  minimum  analysis  in  whole  numbers, 
in  percent,  of  the  major  plant  nutrient  elements  contained  in 
a  fertilizer  material  or  in  a  mixed  fertilizer.   For  example,  a 
fertilizer  with  a  grade  of  20-10-5  contains  20  percent  nitrogen 
(N) ,  10  percent  available  phosphoric  acid  (P2O5) ,  and  5  percent 
water-soluble  potash  (K^O) .   Minor  elements  may  also  be  included. 
Recent  trends  are  to  express  the  percentages  in  terms  of  the 
elemental  fertilizer  (nitrogen  (N) ,  phosphorous  (P) ,  and 
potassium  (K) ) . 
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Fill,  Depth  to  which  material  is  to  be  placed  (filled)  to  bring  the 
surface  to  a  predetermined  grade.   Also,  the  material  itself. 

Forage,  Unharvested  plant  material  which  can  be  used  as  feed  by 
domestic  animals.   Forage  may  be  grazed  or  cut  for  hay. 

Forest  Land,  Land  bearing  a  stand  of  trees  at  any  age  or  stature, 

including  seedlings  and  of  species  attaining  a  minimum  of  6  feet 
average  height  at  maturity  or  land  from  which  such  a  stand  has 
been  removed  but  on  which  no  other  use  has  been  substituted. 
The  term  is  commonly  limited  to  land  not  in  farms;  forests  on 
farms  are  commonly  called  woodland  or  farm  forests. 

Germination,  Sprouting;  beginning  of  growth. 

Gradation,  A  term  used  to  describe  the  series  of  sizes  into  which  a 
soil  sample  can  be  divided. 

Grain  Size,  Physical  size  of  soil  particle,  usually  determined  by 
either  sieve  or  hydrometer  analysis. 

Ground  Cover,  Any  living  or  dead  vegetative  material  producing  a 
protecting  mat  on  or  just  above  the  soil  surface. 

Ground  Water,  Subsurface  water  occupying  the  saturation  zone,  from 
which  wells  and  springs  are  fed.   In  a  strict  sense  the  term 
applies  only  to  water  below  the  water  table.   Also  called 
plerotic  water;  phreatic  water. 

Growing  Season,  Determined  by  the  Lowery-Johnson  Method. 

Gully  Erosion,  Removal  of  soil  by  running  water,  with  formation  of 
deep  channels  that  cannot  be  smoothed  out  completely  by  normal 
cultivation. 

Hydroseeding,  Dissemination  of  seed  hydraulically  in  a  water  medium. 
Mulch,  lime,  and  fertilizer  can  be  incorporated  into  the 
sprayed  mixture. 

Impervious,  Prohibits  fluid  flow. 

Infiltration,  Water  entering  the  ground  water  system  through  the 
land  surface. 


Exhibit  4 
Sheet  5  of  11 


Intermittent  Stream,  A  stream  or  portion  of  a  stream  that  flows  only 
in  direct  response  to  precipitation.   It  receives  little  or  no 
water  from  springs  and  is  dry  for  a  large  part  of  the  year. 

Land  Classification,  Classification  of  specific  bodies  of  land 

according  to  their  characteristics  or  to  their  capabilities 
for  use.  A  use  capability  classification  may  be  defined  as 
one  based  on  both  physical  and  economic  considerations  according 
to  their  capabilities  for  man's  use,  with  sufficient  detail  of 
categorical  definition  and  cartographic  (mapping)  expression  to 
indicate  those  differences  significant  to  men. 

Land  Use  Planning,  The  development  of  plans  for  the  uses  of  land 

that,  over  long  periods,  will  best  serve  the  general  welfare, 
together  with  the  formulation  of  ways  and  means  for  achieving 
such  uses. 

Leaching,  The  removal  of  materials  in  solution  by  the  passage  of 
water  through  soil. 

Leachate,  Liquid  that  has  percolated  through  a  medium  and  has 
extracted  dissolved  or  suspended  materials  from  it. 

Legume,  A  member  of  the  legume  or  pulse  family,  leguminosae.   One 
of  the  most  important  and  widely  distributed  plant  families. 
Includes  many  valuable  food  and  forage  species,  such  as  the 
peas,  beans,  peanuts,  clovers,  alfalfas,  sweet  clovers, 
lespedezas,  vetches  and  kudzu.   Practically  all  legumes  are 
nitrogen-fixing  plants. 

Lime,  from  the  strictly  chemical  standpoint,  refers  to  only 

one  compound,  calcium  oxide  (CaO) ;  however,  the  term  lime  is 
commonly  used  in  agriculture  to  include  a  great  variety  of 
materials  which  are  usually  composed  of  the  oxide,  hydroxide, 
or  carbonate  of  calcium  or  of  calcium  and  magnesium.   The  most 
commonly  used  forms  of  agricultural  line  are  ground  limestone, 
marl,  and  oyster  shells  (carbonates),  hydrated  lime  (hydroxides), 
and  burnt  lime  (oxides) . 

Quicklime     -  limestone  +  heat  (calcined)   CaO 

Hydrated  lime  -  quicklime  +  H20  Ca(0H)2 

Slaked  lime   -  same  as  hydrated  but  slaking  equipment  is 

used  for  adding  water 
Milk  of  lime  -  water  mixture  containing  lime  in  solution 

+  lime  in  suspension 

Micro-Climate,  A  local  climatic  condition  near  the  ground  resulting 
from  modification  of  relief,  exposure,  or  cover. 
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Micro-Nutrients,  Nutrients  in  only  small,  trace,  or  minute  amounts. 

Mined-Land,  Land  with  new  surface  characteristics  due  to  the  removal 
of  mineable  commodity  by  surface  mining  methods  and  subsequent 
surface  reclamation. 

Mulch,  A  natural  or  artificial  layer  of  plant  residue  or  other 
materials  placed  on  the  soil  surface  to  protect  seeds,  to 
prevent  blowing,  to  retain  soil  moisture,  to  curtail  erosion, 
and  to  modify  soil  temperature. 

Natural  Revegetation,  Natural  reestablishment  of  plants;  propagation 
of  new  plants  over  an  area  by  natural  processes. 

Natural  Seeding  (Volunteer) ,  Natural  distribution  of  seed  over  an 
area. 

Neutralization,  The  process  of  adding  an  acid  or  alkaline  material 
to  water  or  soil  to  adjust  its  pH  to  a  neutral  position. 

Neutral  Soil,  A  soil  in  which  the  surface  layer,  at  least  to  normal 
plow  depth,  is  neither  acid  nor  alkaline  in  reaction.   For  most 
practical  purposes,  soil  with  a  pH  ranging  from  6.6  through  7.3. 

Nitrogen  Fixation,  The  conversion  of  atmospheric  (free)  nitrogen  to 
nitrogen  compounds.   In  soils  the  assimilation  of  free  nitrogen 
from  the  air  by  soil  organisms  (making  the  nitrogen  eventually 
available  to  plants) .   Nitrogen  fixing  organisms  associated 
with  plants  such  as  the  legumes  are  called  symbiotic;  those  not 
definitely  associated  with  plants  are  called  nonsymbiotic. 

Nurse  Crop,  A  planting  or  seeding  that  is  used  to  protect  a  tender 

species  during  its  early  life.  A  nurse  crop  is  usually  temporary 
and  gives  way  to  the  permanent  crop.   Sometimes  referred  to  as  a 
companion  crop . 

Nutrients,  Any  element  taken  into  a  plant  that  is  essential  to  its 
growth . 

Overburden,  The  earth,  rock,  and  other  materials  which  lie  above  the 
coal. 

Percolation,  Downward  movement  of  water  through  soils. 

Permeability,  The  measure  of  the  capacity  for  transmitting  a  fluid 
through  the  substance.   In  this  report  the  substance  is  over- 
burden (soil  and  bedrock) . 
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pH,  The  symbol  or  term  refers  to  a  scale  commonly  used  to  express  the 
degrees  of  acidity  or  alkalinity.   On  this  scale  pH  of  1  is  the 
strongest  acid,  pH  of  14  is  the  strongest  alkali,  pH  of  7  is  the 
point  of  neutrality  at  which  there  is  neither  acidity  or  alkalinity, 
pH  is  not  a  measure  of  the  weight  of  acid  or  alkali  contained  in 
or  available  in  a  given  volume  (-Log  of  H+  activity) . 

Pollution,  Environmental  degradation  resulting  from  man's  activities 
or  natural  events. 

Pond,  A  body  of  water  of  limited  size  either  naturally  or  artificially 
confined  and  usually  smaller  than  a  lake. 

Rain  (1)  Heavy — Rain  which  is  falling  at  the  time  of  observation  with 

an  intensity  in  excess  of  0.30  in.  per  hr  (over  0.03  inch  in  6  min) 
(2)  Light — Rain  which  is  falling  at  the  time  of  observation  with 
an  intensity  of  between  a  trace  and  0.10  in.  per  hr  (0.01  inch  in 
6  min) .   (3)  Moderate — Rain  which  is  falling  at  the  time  of  obser- 
vation with  an  intensity  of  between  0.11  in.  per  hr  (0.01+  inch 
in  6  min)  and  0.30  in.  per  hr  (0.03  inch  in  6  min). 

Range  Land,  The  natural  vegetation  is  predominantly  grasses,  grasslike 
plants,  forbs,  or  shrubs. 

Percolation  Rate,  Usually  expressed  as  a  velocity,  at  which  water 
moves  through  saturated  granular  material.   The  term  is  also 
applied  to  quantity  per  unit  or  time  of  such  movement,  and  has 
been  used  erroneously  to  designate  infiltration  rate  or  infil- 
tration capacity. 

Reclamation,  The  process  of  reconverting  mined  land  to  its  former  or 
other  productive  uses. 


Reconstructed  Profile,  The  result  of  selective  placement  of  suitable 
overburden  material  on  reshaped  spoils. 

Recreation  Land,  Land  and  water  used,  or  usable  primarily  as  sites  for 
outdoor  recreation  facilities  and  activities. 

Reforestation,  The  natural  or  artificial  restocking  of  an  area  with 
forest  trees. 

Regrading,  The  movement  of  earth  over  a  depression  to  change  the  shape 
of  the  land  surface.  A  finer  form  of  backfilling. 

Rehabilitation,  Implies  that  the  land  will  be  returned  to  a  form  and 
productivity  in  conformity  with  a  prior  land  use  plan,  including 
a  stable  ecological  state  that  does  not  contribute  substantially 
to  environmental  deterioration  and  is  consistent  with  surrounding 
aesthetic  values. 
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Revegetation,  Plants  or  growth  which  replaces  original  ground  cover 
following  land  disturbance. 

Ripping;  The  act  of  breaking,  with  a  tractor-drawn  ripper  or  long 
angled  steel  tooth,  compacted  soils  or  rock  into  pieces  small 
enough  to  be  economically  excavated  or  moved  by  other  equipment 
as  a  scraper  or  dozer. 

Runoff,  That  portion  of  the  rainfall  that  is  not  absorbed  by  the  deep 
strata:  is  utilized  by  vegetation  or  lost  by  evaporation  or  may 
find  its  way  into  streams  as  surface  flow. 

Saline-Sodic  Soil,  A  soil  having  a  combination  of  a  harmful  quantity 
of  salts  and  either  a  high  degree  of  sodicity  or  a  high  amount 
of  exchangeable  sodium,  or  both,  so  distributed  in  the  soil  profile 
that  the  growth  of  most  crop  plants  is  less  than  normal. 

Saline  Soil,  A  soil  containing  enough  soluble  salts  to  impair  its 

productivity  for  plants  but  not  containing  an  excess  of  exchange- 
able sodium. 

Sandstone,  A  cemented  or  otherwise  compacted  detrital  sediment  composed 
predominantly  of  quartz  grains,  the  grades  of  the  latter  being 
those  of  sand. 

Saturation,  Completely  filled;  a  condition  reached  by  a  material, 
whether  it  be  in  solid,  gaseous,  or  liquid  state,  which  holds 
another  material  within  itself  in  a  given  state  in  an  amount 
such  that  no  more  of  such  material  can  be  held  within  it  in  the 
same  state.   The  material  is  then  said  to  be  saturated  or  in  a 
condition  of  saturation. 

Sediment,  Solid  material,  both  mineral  and  organic,  that  is  in  suspension, 
is  being  transported,  or  has  been  moved  from  its  site  of  origin 
by  air,  water,  gravity,  or  ice  and  has  come  to  rest  on  the  earth's 
surface  either  above  or  below  sea  level. 

Sediment  Basin,  A  reservoir  for  the  confinement  and  retention  of  silt, 
gravel,  rock,  or  other  debris  from  a  sediment-producing  area. 

Seedbed,  The  soil  prepared  by  natural  or  artificial  means  to  promote 
the  germination  of  seed  and  the  growth  of  seedlings. 

Seep,  A  more  or  less  poorly  defined  area  where  water  oozes  from  the 
earth  in  small  quantities. 

Shale,  Sedimentary  or  stratified  rock  structure  generally  formed  by 
the  consolidation  of  clay  or  clay-like  material. 
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Silt,  Small  mineral  soil  grains  the  particles  of  which  range  in 

diameter  from  0.05  to  0.002  mm  (or  0.02-0.002  mm  in  the  inter- 
national system) . 

Soil  (See  Acid  Soil  and  Alkaline  Soil),  Surface  layer  of  the  earth, 
ranging  in  thickness  from  a  few  inches  to  several  feet  composed 
of  finely  divided  rock  debris  mixed  with  decomposing  vegetative 
and  animal  matter  which  is  capable  of  supporting  plant  growth. 

Soil  Conserving  Crops,  Crops  that  prevent  or  retard  erosion  and 

maintain  or  replenish  rather  than  deplete  soil  organic  matter. 

Soil  Porosity,  The  degree  to  which  the  soil  mass  is  permeated  with 
pores  or  cavities.   It  is  expressed  as  the  percentage  of  the 
whole  volume  of  the  soil  which  is  unoccupied  by  solid  particles. 

Soil  Profile,  A  vertical  section  of  the  soil  through  all  its  horizons 
and  extending  into  the  parent  material. 

Soil  Structure,  The  combination  or  arrangement  of  primary  soil  particles 
into  secondary  particles,  units,  or  beds. 

Solum,  The  upper  part  of  a  soil  profile,  above  the  parent  material, 
in  which  the  processes  of  soil  formation  are  active.   The  solum 
in  mature  soils  includes  the  A  and  B  horizons.   Usually  the 
characteristics  of  the  material  in  these  horizons  are  quite 
unlike  those  of  the  underlying  parent  material.   The  living 
roots  and  other  plant  life  and  animal  life  characteristic  of 
the  soil  are  largely  confined  to  the  solum. 

Spoil,  The  overburden  or  non-coal  material  removed  in  gaining  access 
to  the  coal  or  mineral  material  in  surface  mining. 

Spoil  Bank  (Spoil  Pile) ,  Area  created  by  the  deposited  spoil  or  over- 
burden material  prior  to  backfilling.   Also  called  cast  overburden. 

Stratified,  Composed  of,  or  arranged  in,  strata  or  layers,  as  stratified 
alluvium.   The  term  is  applied  to  geological  materials.   Those 
layers  in  soils  that  are  produced  by  the  processes  of  soil  formation 
are  called  horizons,  while  those  inherited  from  parent  material  are 
called  strata. 

Strip,  To  mine  a  deposit  by  first  taking  off  the  overlying  burden. 

Strip  Mine,  Refers  to  a  procedure  of  mining  which  entails  the  complete 
removal  of  all  material  from  over  the  product  to  be  mined  in  a 
series  of  rows  or  strips;  also  referred  to  as  "open  cut,"  "open  pit," 
or  "surface  mine." 
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Strip  Mining  (See  Surface  Mining) 

Stripping,  The  removal  of  earth  or  non-ore  rock  materials  as  required 

to  gain  access  to  the  ore  or  mineral  materials  wanted.   The  process 
of  removing  overburden  or  waste  material  in  a  surface  mining 
operation. 

Subsoil,  The  B  horizon  of  soils  with  distinct  profiles.   In  soils  with 
weak  profile  development,  the  subsoil  can  be  defined  as  the  soil 
below  the  plowed  soil  (or  its  equivalent  of  surface  soil)  in  which 
roots  normally  grow.  Although  a  common  term,  it  cannot  be  defined 
accurately.   It  has  been  carried  over  from  early  days  when  "soil" 
was  conceived  only  as  the  plowed  soil  and  that  under  it  as  "subsoil." 

Substratum,  Alluvial,  colluvial  and  bedrock  material  that  lies  below 
the  soil  profile. 

Surface  Soil,  That  part  of  the  upper  soil  of  arable  soils  commonly 
stirred  by  tillage  implements  or  an  equivalent  depth  (5  to  8 
inches)  in  non-arable  soils. 

Suspended  Solids,  Sediment  which  is  in  suspension  in  water  but  which 

will  physically  settle  out  under  quiescent  conditions  (as  differ- 
entiated from  dissolved  material) . 

Terrace,  Sloping  ground  cut  into  a  succession  of  benches  and  steep 

inclines  for  purposes  of  cultivation  or  to  control  surface  runoff 
and  minimize  soil  erosion. 

Terraced  Slope,  A  slope  that  is  intersected  by  one  or  more  terraces. 

Texture,  The  character,  arrangement  and  mode  of  aggregation  of  particles 
which  make  up  the  earth's  surface. 

Topdressing  Material,  Material  that  is  well  suited  for  plant  media. 

Desired  characteristics  include:  fertile,  good  tilth,  permeable, 
contains  organic  matter,  nonsaline,  nonsodic  and  has  water  stable 
aggregates. 

Tilth,  The  physical  condition  of  a  soil  in  respect  to  its  fitness  for 
the  growth  of  a  specified  plant. 

Topography,  The  shape  of  the  ground  surface,  such  as  hills,  mountains 

or  plains.   Steep  topography  indicates  steep  slopes  or  hilly  land; 
flat  topography  indicates  flat  land  with  minor  undulations  and 
gentle  slopes. 
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Toxic  Spoil  (See  also  Acid  Spoil) ,  Includes  acid  spoil  with  pH  below 
4.0.   Also  refers  to  spoil  having  amounts  of  minerals  such  as 
aluminum,  manganese,  and  iron  that  adversely  affect  plant  growth. 

Transpiration,  The  normal  loss  of  water  vapor  to  the  atmosphere  from 
plants. 

Unconsolidated  (soil  material) ,  Soil  material  in  a  form  of  loose 
aggregation. 

Vegetation,  General  term  including  grasses,  legumes,  shrubs,  trees 
naturally  occurring  and  planted  intentionally. 

Vegetative  Cover,  The  entire  vegetative  canopy  on  an  area. 

Volunteer,  Springing  up  spontaneously  or  without  being  planted;  a 
volunteer  plant. 

Weathering,  The  group  of  processes,  such  as  chemical  action  of  air  and 
rainwater  and  of  plants  and  bacteria  and  the  mechanical  action  of 
changes  in  temperature,  whereby  rocks,  on  exposure  to  the  weather, 
change  in  character,  decay,  and  finally  crumble. 

Wildlife,  Undomesticated  vertebrate  animals,  except  fish,  considered 
collectively. 
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GREENHOUSE  AND  1AHORATORY  DATA 
Site  Name-  Beulal1  Trench,  North  Dakota 


Sample 
No. 


Sample    Set   Kl presented  :t    Samples   T-1469    through  T-1473 

GREENHOUSE   DATA 

Germination                                 Relative  Ave.    Plant 

ifcpth           Tot   Wt.             Time                    Yield               Yield  Height 

(ft.)           (gms.)             (days)               gms./pot            %       1/  (cm.) 


Field   Cap. 

7. 


T-1469,a,   0-2.0 

2000 

7  b 

.  1.96 

j    94 

30 

22,7 

T-1470   '  2.0-4,0 

2000 
2000 

8  c 

1.26 

60 

31 

23.0 

T-1471   1  4.0-5.5 

8  b,  c 

1.67 

81 

33.5 

24.6 

T-1472,a  5.5-7.5 

2000 

7  c 

1.07 

51 

28.0 

21.1 

T-1473   i  7.5-9.5 

2000 

10  b,  c 

1.00 

48 

28.0 

23.7 

I          1 

!           1              1 

1           1          I 

i      ,  . 

1          ' 

1 

1 

a=Data   from   1    replication  only 


b=Salt  crusting  present 


c=Surface  cracking  present 


SOIL  LABORATORY   DATA 
(Pre -Plant) 


Water   Soluble   Cations 
meq/1 


Sample 
No. 

P 

Avail . 
Zn 

Plant  Nutrients 
(ppm) 

Fe     Cu    Mn 

•I'll 
1:1 

Elect. 

Cond. 

1:1 

SAR 

Ca 

1:1  dil. 
Mg       Na 

K 

T-1469 

3 

.54  ,  13.1    1.5 

33.7 

7.8 

0,3 

0.2 

2.2 

1.5 

0.2 

0.26 

T-1470 

2 

.66  !  11.4    1.5 

10.6 

8.3 

0.3 

1.4 

1.1 

1.5 

1.6 

0.13 

T-1471 

2 

.50  |  13.3    1.2 

8.7 

8.5 

0.7 

6.9 

0.6 

1.2 

6.6 

0.13 

T-1472 

3 

.92  j  13.0 

.9 

8.0 

8.1 

4.0 

3.2 

14.3 

27.0 

14.6 

0.51 

T-1473 

3 

1.24  !  15.7 

1.2 

8.9 

8.0 

5.8 

3.9 

24.2 

38.2 

22.0 

0.64 

1     ! 

1 

1 

I 

i 

I 

( 

Post  Plant) 

T-1469 

.66 

17.7  I  1.2 

9.0 

7.7 

1.2 

0.2 

6.8 

3.6 

.4 

.43 

T-1470 

.85 

11.0    1.4 

6.7 

8.2 

1.4 

1.3 

4.2 

6.5 

2.9 

.30 

T-1471 

.77 

11.3    1.1 

7.9 

8.6    1.9 

6.3 

*  1.7 

5.7 

11.9 

.36 

T-1472 

1   .76   11.4     .8 

7.3 

8.2    5.8 

3.5 

23.1 

38.7 

19.3 

.82 

T-1473 

.96 

12.6 

1.1 

7.4 

8.1    5.7 

3.5 

24.3 

41.3 

19.7 

.87 

1 

I 

. 

1 

! 

1 

1 

i 

__ 

i 

1 

1 

' 

1 

| 

1 

! 

«  '     .  i 

1 

1/   Indicates  yeild   of  western  wheatgrass   received  on  each  aample  versus   the  yiald   obtained 
on   the  control   soil. 


Sample 


No. 
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GREENHOUSE  AND   LABORATORY   DATA 
Site   Name:  Beulah  Trench,    North  Dakota 


Sample   Set   Represented: Samfaes_T-14a4._thrcaigh_T^L4a2_ 


Depth 
(ft.) 


Pot   Wt, 
(gms.) 


GREENHOUSE  DATA 
Germination  Relative 

Time  Yield  Yield 

(days)  gms. /pot  7> 


Ave.    Plant 
Height 
(cm.) 


Field  Cap. 
7. 


T-1484 

0-1.0 

2000 

6 

,        2.00 

97 

31.5 

25.7 

T-1785 

.1.0-3.0 

2000 

7  b,    c 

1.44 

68 

30.5 

21.7 

f- 14861 

3.0-4.5 

2000. 

7  c 

1.74 

83 

29.0 

23.8 

T-14"87"1 

4.5-7.0 

2000 

7 

2.21 

105 

34.0 

24.9 

T-i.488 

7.0-8.5 

2000 

9  c 

1.02 

49 

27.0 

27.0 

T-1489 

8.5-10.0 

2000 

9  b,   c 

1.08 

50 

24.5 

22.7 

1                 !                 ! 

i 

1              1              1 

! 

i 

1 

i 

1 

1 

b=Salt  crusting  present 


c=  Surface  cracking  present 


SOIL  LABORATORY  DATA 
(Pre-Plant) 


1 
1 

il 

■I 

■ 
■ 

■ 
■ 


Samp le 
No. 

Avail. 
P            Zn 

Plant   Ni 
(ppm) 
Fe 

itricn t£ 
Cu 

Mn 

pH 

1  :1 

Elect. 

Cond. 

1:1 

SAR 

Water    Soluble   Cations 
meq/1 
1 :1   dil. 

Ca               Mp                 Na 

K 

T-1484 

3 

1.26;     16.2 

1.93 

16.1 

8.1 

0.4 

0.2 

3.1 

1.4 

0.3 

.26 

f-1485   ' 

2 

.31     13.8 

1.41 

8.3 

8.5 

0.3 

0.7 

1.0 

h       2.1 

0.9 

.18 

T-1486"" 

2 

.20j     13.6 

1.20 

9.7 

8.5 

0.5 

3.2 

0.7 

1.7 

3.6 

.18 

T-1487 

2 

.46,'     13.2 

1.11 

7.1 

8.4 

1.1 

3.4 

1.4 

4.8 

6.0     j 

.26 

T-1488 

1 

.75'     15.6 

1.27 

8.1 

8.0 

5.6 

2.2 

25.6 

52.4 

13.6 

.66 

T-1489 

2 

1.05;     18.3 

1.57 

6.6 

8.0 

6.0 

2.4 

27.6 

57.2 

14.5    ; 

.79 

1 

I 

i 

1                                     i 

I                                     1 

!                                 1 

1                ,                  I 

i         i          : 

i 

!■- 

1 

T 

(Post:  Plant) 


| 

T-1484 

.92 

13..0 

1.7C 

i     8.6 

L_aa_ 

1       i-1 

0.1 

i         7.9 

I         2^9_ 

0.1    | 

.41 

T-1485 

.56 

11.2 

1.37 

6.6 

8.4 

1.8 

0.6 

1         5.0 

I      11.1 

1.7    j 

.46 

T-1486 

.57 

12.5 

1.15 

8.1 

8.5 

1.6 

2.9 

1.9 

7.6 

6.3 

.39 

t-1487 

.83 

12.0 

1.11 

7.8 

8.4 

2.2 

3.4 

.        3-6 

11.8 

9.4    i 

.42 

t-1488 



1.02 

13.3 

1.24 

7.5 

8.2 

6.2 

2.3 

26.8 

51.7 

14.5    j 

.95 

T-14S9"  ' 

"  1703 

17.3 

1.61 

5.9 

8.2 

6.5 

2.3 

27.6 

61.4 

i        15.6    1 

.98 

i 

1 

'                 1                    i                  ,.     . 

1 

1                 1 

i 

1 

1 

| 

1 

i 

1 

. 

i 
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Sample 
No. 


GREENHOUSE  AND  LABORATORY  DATA 
Site  Name:  Beulah  Trench,  North  Dakota 


Sample  Set  Represented: Samples  T-1490  through  T-1495 


Depth 
(ft.) 


Pot   Wt. 
(gms.) 


GREENHOUSE   DATA 

Germination  Relative  Ave.    Plant 

Time  Yield  Yield  Height 

(days)  gms./pot  7.  (cm.) 


Field  Cap. 
% 


*T-1490 

0-2.0 

2000 

6  c 

2.1 

100 

24.5 

22.8 

T-1491 

2.0-3.5 

2000 

6  b.    c 

1.6 

76 

30.5 

17.8 

T-1492 

3.5-4.5 

2000 

6 

1.55 

74 

30.0 

15-9 

T-1493 

4.5-6.5 

2000 

7  c 

1.82 

87 

30.0 

19.0 

T-1494 

6.5-8.0 

2000 

8  c 

1.80 

86 

31.0 

25.8 

T-1495 

8.0-10.0 

2000 

7 

1.40 

67 

29.0 

24.2 

1 

i 

1 

| 

| 

!                    ! 

.     ....                                 ( 

This  soil  used  as  a  control  for  experiment 

b=Salt  crusting 


c=Surface  cracking 


SOIL  LABORATORY  DATA 
(Pre-Plant) 


Water  Soluble  Cation; 
meq/1 


Sample 

No. 

Avail. 
P            Zn 

Plant   Nutrients 
(pp:n) 

Fe             Cu 

Mn 

pH 
1  :1 

Elect. 

Cond. 

1:1 

SAR 

Ca 

1:1    d 

Mg 

LI. 

Na 

K 

T-1490 

5       ,    .88 

18.6    |    0.70 

39.5 

7.6 

0.4 

0.4 

2.4            1.3 

0.5 

0.41 

T-1491 

3       '    .21 

8.5J      .54 

10.4 

8.2 

0.3 

°.JL    . 

1.6 

1.2 

0.1 

.26 

T-1492 

3          .24 

9.5    |       .55 

7.6 

8.3 

0.3 

0.3 

1.2 

1.3 

0.3 

j         .28 

T-1493 

2          .46 

i     10.4    i       .61 

8.6 

8.3 

0.6 

1.8 

1.4 

2.5 

2.5 

.26 

t^l4l4~^ 

2          .60 

13.9    !       .99 

6.8 

8.3 

1.1 

4.3 

1.6 

3.0 

6.5 

.15 

T-1495 

3          .91 

i     11.5 

.95 

7.2 

8.4 

1.0 

3.8 

1.6 

2.8 

5.7 

.13 

; 

1 

1 

I 

| 

1 

I 

1 

.... 

i 

1                 1 

(Post  Plant) 


T-1490 

1.03 

23.9    I     .61          16.2 

7.1 

1.5 

0.1 

_ 
8.4 

3.9 

0.2 

0.84 

T-1491 

.59 

9.1    !     .51            5.3 

7.7 

1.2 

r  o.i 

6.9 

3.6 

0.3 

0.63 

T-1492 

.63 

7.0    I     .42            5.2 

7.9 

1.3 

0.2 

6.2 

4.8 

0.6 

0.87 

T-1493-1 

.56 

8.6    |     .60            5.8 

8.0 

1.7 

1.9 

5.1 

7.2 

4.6 

0.63 

T-1494 

.77 

12.0    |    .93           6.8 

8.2 

2.2 

4.3 

4.9 

8.0 

10.8 

0.21 

f-T4~9~5 

.77 

10.2 

.82            6.5       8.2 

1.8 

3.0 

4.7 

6.5 

6.7 

0.27 

T 

: 

•                i 

■ 

i 

! 

1 

1 

• 

i 

__jT^__ 

i 

r  ■ 

| 

i 

| 

. 

1 

GREENHOUSE  AND  LABORATORY  DATA 
Site  Name:  Beulah  Trench,  North  Dakota 


Sample 
No. 


Sample    Set  Represented:       Samples  T-1496    through  T-1501 

GREENHOUSE   DATA 

Germination                                Relative  Ave.    PlanL 

Depth           Pot   Wt.             Tina                   Yield               Yield  Height 

(ft.)           (gms.)             (days)               gins. /pot            %  (cm.) 
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Field   Cap, 
% 


T^TZT95- 

0-1.5 

2000 

a.    7 

2.33 

111 

!            36.0 

22.1 

T-1497 

1.5-3.0 

2000 

6 

2.14 

102 

32.0 

15.7 

T-1498" 

3.0-4.5 
4.5-6.0 

2000 

6 

1.81 

86 

30.0 

16.1 

T-1499 

2000 

6 

.97 

.46 

24.5 

14.1 

T-1500 

6.0-8.0 
8.0-10.0 

2000 

6 

1.09 

52 

28.5 

13.1 

T-1501 

2000 

6 

1.83 

.87 

31.0 

16.0 

1 

i 
i 

!                                ] 

i 

i 

1 

1 

a=data   from  1   replication  only 


SOIL  LABORATORY  DATA 
(Pre-Plant) 


Water    Soluble  Cations 


Sample 
No. 

Avail. 
P             Zn 

3lant   Nutrients 
(pp:,i) 

Fe             Cu          Mn 

p.H 

1:1 

Elect. 

Cotvd. 

1:1 

SAR 

Ca 

meq/l 
1:1   d 

Mg 

LI. 

Na 

K 

T-1496 

4 

1 .66 

29.4    ]    .59 

36.0 

•  7.5 

0.2 

0.2 

1.2 

0.7 

0.2 

!       .15 

T-1497 

3 

.14 

13.7    1    .53 

35.5 

7.7 

0.2 

0.1 

1.1 

0.7 

0.1 

.10 

T-1498 

3 

.10 

10.6    |    .44 

15.1 

7.7 

1      0.1 

0.2 

1.0 

0.5 

0.2 

,       .08 

T-1499 

3 

.10 

10.2 

.29 

9.8 

7.9 

0.2 

0.2 

1.4 

0.5 

0.2 

.08 

T-1500 

2 

.13 

5.4 

.16 

6.3 

8.1 

0.2 

0.3 

1.3 

0.4 

0.3 

.05 

T-1501 

2 

.15 

5.9 

.13 

4.0 

8.0 

0.2 

0.2 

1.3 

0.3 

0.2 

.08 

i 

\ 

i 

1                 1 

(Post    Plant) 


T-1496 

.97 

31.8 

.51 

23.8 

6.7 

1.2 

0.1 

8.0 

1      2.7 

1       0.2 

.31 

T-1497 

.51 

18.5 

.48 

11.8 

7.0 

1.3 

0.2 

8.2 

3.1 

0.3    . 

.22 

T-1498 

.43 

15.7 

.46 

9.7 

7.0 

1.8 

0.2 

11.4 

4.3 

0.5 

.19 

T-1499 

.82 

11.7 

.30 

7.2 

7.6 

1.3 

0.2 

8.8 

2.1 

0.4 

.34 

T-1500 

.32 

5.3 

.13 

4.2 

7.9 

1.0 

-    0.2 

6.8 

1.4 

1       0.4 

.30 

T-1501 

,    .49 

6.2 

.05 

2.8 

7.8 

1.1 

0.2 

7.7 

1.7 

0.4 

.25 

1 

1 

1 

I 

I 

. 

GREENHOUSE  AND  LABORATORY  DATA 
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Site   Narte:  Beulah  Trench,    North  Dakota 


Sample    Set   Represented:       Samples   T-1502   through  T-1508 


Sample 
No. 


Depth 
(ft.) 


Pot   Wt. 
(gms . ) 


GREENHOUSE   DATA 
Germination  Relative 

Time  Yield  Yield 

(days)  gms. /pot  7. 


Ave.    Plant 
Height 
(cm.) 


Field   Cap. 

% 


T-1502 
T-1503 

0-0.5 

2000 

6 

2.09 

99 

20.6 

0.5-1.5 

2000 

6 

1.73 

83 

31.7 

T-1504   1.5-3.5 

2000 

7.  c 

1.28 

6i    ; 

16,4 

J- 1505 
T-1506 
T-1507 
T-1508 

3.5-5.0 

2000 

6 

1.06 

50     I 

15.6 

5.0-7.0 

2000 

6 

1.28 

61     l 

15.4 

7.0-8.5 

2000 

7 

1.48 

71     1 

14.5 

8.5-10.0 

2000 

7 

1.76 

84     ;                  16.9 

1          1 

>                                                 i 

1 

i 

1 

c=surface  cracking 


SOIL  LABORATORY   DATA 
(Pre-Plant) 


Water   Soluble  Cations 
meq/1 


Samp le 
No. 

Avail. 
P     Zn 

Plant  Nutrients 
(ppm) 

Fe     Cu    Mn 

PH 

1  :1 

Elect. 
Cond. 
1  :1 

SAR 

Ca 

1:1  dil. 

Mg 

Na 

K 

T-1502  1 

4   1  .28 

10.6  !  .20 

19.1 

'7.6 

0.2 

0.1 

1.3 

0.7  1 

0.1 

.10 

T-1503 

2    .23 

6.4    .09 

7.0 

7.8 

0.2 

0.2 

1.4 

0.5 

.20 

.05 

T-1504 

2    .47 

.5.0    .07 

6.6 

8.0 

0.2 

.30 

1.4 

0.6 

.30 

.08 

T-1505 

1    .49 

4.9 

.05 

6.0 

8.1 

0.2 

.60 

1.0 

0.7  ' 

.50 

.08 

T-1506 

1    .17 

4.4 

.04 

6.9 

8.2 

0.2 

.80 

0.8 

0.6 

.60 

.08 

T-1507 

1    .25 

5.2    .15 

9.7 

8.2 

0.2 

.70 

0.8 

0.7 

.60 

.13 

T-1508 

1    .16 

5.4    .04 

4.8 

8.1 

0.2 

.60 

0.6 

0.6 

.50 

.13 

1 

l- 

1 

1 

1 

1 

( 

Post  Plant) 

T-1502 

.57 

14.2  |  .15 

11.8 

7.2 

0.9 

0.1 

5.8 

1   2'1 

0.2 

I    0.36 

T-1503 

.25 

7.5 

.03 

4.2 

7.7 

1.0 

0.1 

6.7 

1.9 

0.3 

1    0.14 

T-1504 

.59 

5.4 

.02 

5.3 

7.9    1.3 

0.2 

8.4 

2.8 

0.6 

0.30 

T-1505 

.52 

5.3  !   .03 

4.5 

7.9  .   l.l 

0.4 

6.4 

3.3 

0.8 
1.1 

0.33 

T-1506 

.32 

5.7    .01 

6.1 

7.8    1.1 

0.6 

5.5 

3.5 

0.42 

T-1507 

.40  f  6.8  |   .09 

6.1 

7.5    l.l 

0.4 

5.7 

3.5 

1.0 

0.50 

T-1508 

.48  1   7.8  |   .05 

3.8 

7.6 

0.8 

0.4 

3.9 

2.8 

!     0.8 

0.33 

1 

t 

'                                   j 

i 

i        1 

! 

!        ! 

"i 
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GREENHOUSE  AND  LABORATORY  DATA 


Site   Name:     Beulah  Trench,    North  Dakota 


Sample   Set  Represented:      Samples   T-1509   through  T-1514 


Sample 
No. 


Depth 
(ft.) 


Pot   Wt. 
(gms.) 


GREENHOUSE    DATA 

Germination                                Relative  Ave.    Plant 

Tine                    Yield               Yield  Height 

(days)              gms. /pot           °L  (cm.) 


Field   Cap. 


T-1509 

0-1.0 

2000 

8 

1.98 

94 

33.0 

30.5 

T-1510 

1.0-2.5 

2000 

9.   c 

1.30 

62 

31.0 

33.5 

T-1511 

2.5-4.0 

2000 

7.   b.    c 

.96 

46 

25.0 

37.5 

T-1512a 

4.0-6.0 

2000 

11,    b,   c 

.19 

9 

10.0 

17.3 

T-1513a 

6.0-8.0 

2000 

12,    b 

.51 

24 

18.0 

34.0 

T-1514 

8.0-10.0 

2000 

11.   b 

.55 

26 

18.0 

29.5 

1 

i                               i 

1 

i                     

i 

!                               | 

1                                                            1 

1 

a=Data   from  1    replication  only 


b»Salt  crusting  present  c=Surface  cracking  present 


SOIL  LABORATORY   DATA 
(Pre-Plant) 


Sample 

No. 

Avail. 
P            Zn 

0 

Plant   Nutrients 
(ppm) 

Fe             Cu          Mn 

pH 
1:1 

Elect. 
CotxJ  . 
1:1 

SAR 

Water   Soluble   Cation 
meq/1 
1:1   dil. 

Ca               Mg                 Na 

s 

K 
'■       ."31 

T-1509   13               .68  .     17.8    !    2.4 

7.9          0.4 

1.6       !       1.2      j       1.1 

T-1510   ,2               .53  j     13.6    ;    2.0 

11.5 

8.2          0.5 

4.7 

.9      i         .7            4.2               .20 

T-1511    I     2               .33  |     10.0   j    1.8 

9.4 

7.8    ;       5.3 

5.6 

24.0      i    18.8          26.0       ,       .79 

T-1512 

2            1.20  i     14.2    i    1.7 

6.0 

7.8          7J6 

9.4 

21.7     j    30.9     '    48.2              .92 

T-1513-^ 

3               .60  i     17.0   :    1.8 

5.9 

7.8          7.7 

10.0 

21.0      |    30.6          54.7            1.17 

t-1514 

2               .72  ,     16.5   |     2.1 

3.2 

7.7    1       7.7 

10.2 

22.2 

26.9         50.7              .99 

1 

1 

j 

1 

I 

-- 

!           | 

i           I 

1                 1           """  ~T 

( 

Post    Plant) 

• 

T-1509 

^i^27_ 

15.0 

1.65 

13.9 

7.8 

1.7 

1.0 

'      8.2 

5.5 

2.5 

8.1 

T-1510 

.74 

11.2 

1.86 

8.6 

7.9 

2.C 

4.6 

4.8 

4.2 

9.7 

7.3 

T-1511 

.46 

11.4 

1.70 

7.7 

7.9          6.1 

7.2 

29.3 

24.1 

36.9 

1.53 

T-1512 

.83 

12.5 

1.50 

5.5!      7.9          8.3 

10.4 

25.4 

36.5 

57.5 

1.76 

T-1513 

.60 

11.4 

1.40 

4.3J      7.9          8.2 

11.0 

23.1 

35.5 

59.9 

1.63 

T-1514 

.58 

12.7 

15.7 

2.5        7.8          7.8 

10.7 

22.2 

27.6 

53.4 

1.48 

i 

i 

I 

r~ 

1 

1 

| 

1        __J i 

j 

i 

"i 

1 

1 

II 
1 
I 
I 
I 
I 
I 
I 
I 
■ 
■ 
1 
p 

P 

p 
p 
p 
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GREENHOUSE  AND   LABORATORY   DATA 
Site   Name:  Beulah  Trench,    North  Dakota 


Sample    Sot  Represented:        Samples  T-1515   through  T-1521 


Sample 
No. 


GREENHOUSE   DATA 
Germination  Relative 

Depth  Pot  Wt.  Time  Yield  Yield 

(ft.)  (gins.)  (days)  gms./pot  % 


Ave.    riant 
Height 
(cm.) 


Field   Cap. 


T-1515 

0-1.0 

2000 

7 

2.36            1        112                  34.5 

21.7 

T-1516 1 

1.0-2.5 

2000 

7 

1.75                       83                   31.5 

16.2 

T-151?!    2.8.-3.5 

2000 

7 

1.90                       91                   32.0 

16.9 

I-L5.L8.' 

3.5-5.5 

2000 

6.    b 

1.39                       66                   30.0 

14.7 

T-1519      5.5-7.0 

2000 

6,    b 

1.19                       24                   28.0                             15.6 

T-1520' 

7.0-9.0 

2000 

6 

1.75                       83                   29.0                             15.2 

T-1521! 

9.0-10.0 

2000 

8 

1.24                      59                  28.5                            15.2 

; 

i                                      1 

i 

;                                           1 

;                                                                    ; 

i 

1 
1 

i 

j 

1 

1 

b-exhibit< 

:d   surface  c 

racking 

Sample 

No. 

Avai  1.    1 
P             Zn 

SOIL 
( 

3lant   Nutrients 
(pp:n) 

Fe             Cu          Mn 

LABORATORY   DATA 
Pre- PI  ant) 

Elect, 
pll       Cond. 
1:1      1:1               SAR 

Water    Soluble   Cations 
meq/1 
1:1  dil. 

Ca              Mg                Na                 K 

T-1515' 
T-1516 

4 

2.42        25.8    !    .88 

1    27.9 

7.3     0.2 

.20 

1.1 

j     0.9 

l_-;7  ._ 

.5? 

3 

1-43       1_3.0J_  .72 

i    11.8 

8.0     0.2 

.10 

1.6 

0.7 

.10 

.31 

T-1517        2 

0-.48"      10.0    I    .72 

6.5 

8.1     0.3 

.10 

1.4 

;    0.7 

.10 

.26 

T-1518        2 

.49          9.3    1     .88 

6.5 

8.2     0.5 

.20 

0.8 

1.6 

.20 

1       .38 

T-1519.      2 

.87  ■       9.8    i     .85 

1       5.6 

8.4'    0.3 

1.8 

0.4 

2.3 

2.1 

.48 

T-1520!      2 

.57          8.6    !     .51 

4.5 

8.4:    0.3 

2.3 

0.6 

1    0.8 

2.0 

.18 

T-1521.       2 

.70  i     17.4    i     .76 

11.7 

8.11    0.3 

1.1 

1.1 

0.7 

1.0 

.20 

!                       1 

1 

1                                     i 

1 

! 

I 

1 

( 

Post    Plant) 

T-1515 

1.99  1     27.2 

.53 

27.5 

7.0          1.1 

0.1 

6.2 

3.0 

.3 

1.30 

T-1516 

.65        11.7 

.57 

8.2 

7.8          1.1 

0.1 

6.8 

2.6 

.1 

.79 

-JL-15J2 

.86  !      10.1  l     .62 

7.0 

8.0            .8 

0.1 

5.3 

1.8 

.1 

.70 

_Ir.L5.18. 

.54          9.8  !     .73 

7.3 

8.0          1.0 

0.2 

3.4 

4.4 

.3 

.97 

T-1519 

_j.47  1        9.5 

,70 

7.4 

8.1          1.3 

1.2 

2.5 

6.4 

2.5 

1.05 

T-1520 

.64  j        8.2 

.42 

4.9        8.1            .7 

1.1 

2.2 

1.9 

1.6 

.46 

T-1521 

.59!      14.1 

•60__ 

8.0    !    8.0    j     1.0 

.8 

4.9 

2.5 

1.4 

.60 

■1 

1               1                ! 

I               1 

1 

1 

j 

, 

— 

GREENHOUSE  AND  LABORATORY  DATA 
Site  Name:  Beulah  Trench.  North  Dakota 


Sample  Set  Represented:   Samples  T-1522  through  T-1523 


GREENHOUSE  DATA 

Germination  Relative  Ave.  Plant 

Sample     Depth    Pot  Wt.     Time        Yield      Yield         Height 
No.     «  (ft.)    (guis.)     (days)      gms./pot     %  (cm.) 
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Kield  Cap. 
% 


T-1522;          0-0.5 

lood 

7 

1.93 

92 

31.5 

30.4 

T-152*       0.5-1.5 

2000 

8 

1.49 

71 

30.0 

29.5 

, 

I 

i 

i 

; 

1 

i 

i                   1 

1 

1 

i 

1 

; 

!                   ! 

j 

i 

i 

1 

1                             '   "" 

I 

1 

i                   1 

1 

1 
1 


SOIL  LABORATORY  DATA 
(Pre-Plant) 


Sample 

No. 

Ava  i 1 . 
P             Zn 

Plant   Ni 
(ppr.i) 
Fe 

itrien ts 

Cu          Mn 

pH 

1:1 

Elect. 
Cond. 
1  :l 

SAR 

Water    Soluble   Cations 
meq/1 
1:1   dil. 

Ca               Mg                 Na                 K 

T-1522   1       5      j    1.49        25.1    1    1.52 

20.7 

7.3       0.3 

1.6 

1.2 

0.2 

.28 
.18 

T-1523   i                  1.07  !     14.5    1    1.69 

13.7 

7.7       0.3 

.0.2     . 

1.8 

.     Lx2__ 

0.3 

1                 i 

1 

1 

1 

1 

1 

1 

i               1 

-- 

(Post    Plant) 

T-1522 

1.62 

24.5 

1.13 

|     17.6 

7.2 

1.4 

0.2 

7.9 

4.4 

0.4 

.68 

T-1523 

1.21 

16.9 

1.44 

10.4 

7.5 

1.4 

0.2 

8.3 

4.8 

_       0.5 

.£0__ 

i 

i 

1 

1 

1                 I 

i                 1 

! 

!          ! 

I 

I                 1 

i 

!              1 

j 

• 

1 

! 

n 


Table   72 
Sheet  9  of    12 


GREENHOUSE  AND   IABORATOUY   DATA 
Site   Name:     Be«lah  Trench,    North  Dakota 


Sample    Set   Represented  :      Samples   T-1S24    through   T-1529 


Samp  1 e 
No. 


Depth 
(ft.) 


Pot   Wt, 

(gms . ) 


GREENHOUSE   DATA 
Germination  Relative 

Time  Yield    .  Yield 

(days)  gms. /pot  7, 


Ave.    Plant 

Height 

Field  Cap 

(cm.  ) 

% 

T-1524 

0-1.0 

2000 

6,    c 

1.81 

86 

30.0 

16.2 

T-1525 

1.0-3.0 

2000 

7,    c 

1.65 

78 

30.0 

18.4 

T-1526 

3.0-4.5 

2000 

7,   b,    c 

1.29 

61 

26.5 

19.9 

T-1527 

4.5-6.0 

2000 

7,    b 

1.83 

87 

34.0 

23.8 

T-1528 

6.0-8.0 

2000 

9,    b 

1.04 

50 

27.0 

31.0 

T-1529 

8.0-10.0 

2000 

11,    b 

1.03 

49 

26.5 

23.3 

1 

1 

I                         i 

b-soil   surface  cracking  c-salt  crust   formed 


SOIL   LABORATORY  DATA 
(Pre- Plant) 


Water    Soluble   Cations 
meq/l 


Sample 
No. 

Avail. 
P             Zn 

Dlant   Nutrients 
(ppm) 

Fe             Cu          Mn 

Pit 
1:1 

Elect. 

Cond. 

1:1 

SAR 

Ca 

1:1  dil. 
Mg                 Na 

K 

T-1524 

3 

.70 

'  12.1     1    .54 

1    14.6 

7.8 

.20 

.10 

1.1 

.70 

.10 

.15 

T-1525 

2 

^.26 

9.6     1    .79 

:      9.2 

8.1 

.20 

i    -20 

1.3 

.90 

.20 

.08 

T-1526 

1 

.73 

12.8    |2.04 

i      6.4 

8.2 

.30 

.60 

.80 

1.5 

.60      , 

.08 

T-1527 

1 

.34 

10.6    11.07 

3.2 

8.3 

.40 

1.5 

.60 

1.9 

1.7 

.08 

T-1528 

1 

.62 

15.9 

1.39 

4.0 

7.9 

4.3 

11.3 

26.4 

34.8 

7.2       1 

.61 

t-1529 

1 

.78 

10.9 

3.06 

1.3 

7.7 

414- 

1.5 

26.5 

39.9 

8.6 

.76 

1 

! 

I 

! 

1 

|                                     I 

- 

i 

I                    1 

[ 

i 

| 

(Post    Plant) 

T-1524 

.78 

17.0 

.41 

13.5 

7.1    |      1.0          .10 

6.0 

!        2-3 

0.2 

i        .37 

T-1525 

.26 

10.0 

.71 

6.5 

7.9    1      1.0      !     .10 

6.0 

1         3.0 

0.3 

.29 

T-1526 

.26 

7.9 

1.06 

3.9 

8.0          1.6          .50 

6.0 

8.0 

1.2 

r  .44 

T-1527 

.34 

10.3 

1.00 

3.5 

8.2          1.5     l 1.3 

3.6 

8.2 

2.9 

!        .37 

T-1528 

.36 

7.6 

1.26 

4.4          8.0          5.0     .1.4 

27.8 

37.8 

7.7 

1.02 

T-1529 

.95 

11.2 

3.42 

1.5          7.6          5.2     .1.5 

26.3 

40.3 

9.1 

1      1.20 

i              1 

, 

i 

I 

j 

! 

i 

! 

i 

1 

i              i 

1                  : 

i 

j 

• 

'                   | 

i 

.       

1 

1 

1 
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GREENHOUSE  AND  LABORATORY  DATA 


Site  Name:  Beulah  Trench,  North  Dakota 


Sample 
No. 


Sample    Set  Represented:        Samples    77-102-1    through   77-102-7 


GREENHOUSE   DATA 
Germination  Relative 

Depth  Pot  Wt.  Time  Yield  Yield 

(ft.)  (gms.)  (days)  gms./pot  "L 


Ave.    Plant 

Height 

Field   Cap 

(cm.) 

7. 

77-102-1,      1.5-23.0] 

2000 

7,   c 

1.58 

76 

30.0 

13.6 

2!    23. 0-50.0| 

2000 

9.   c 

1.55 

74 

30.0 

32.7 

3a |    50. 0-75.0| 

2000 

10,    b,   c 

.84 

38 

23.5 

62.9 

41    75.O-JOO.0 

2000 

12,    b,   c 

.52 

25 

19.0 



51100.0-124.4 

2000      i 

13,    b,    c 

.53 

25 

20.0 

54.5 

6 ; 124. 4-138. 2 

2000 

14,    b^  c 

.52 

25 

20.0 

54.9 

7ail61.9-174.7 

2000      | 

8,    b,   c 

.50 

24 

20.5 

64.2 

b=salt  crusting         c=surface  cracking 


SOIL  LABORATORY   DATA 
(Pre- PI  ant) 


Sample 
No. 

Avail.    Plant   Nutrients 
(ppm) 
P            Zn             Fe             Cu          Mn 

pH 
1  :1 

Klect. 
Co  nd . 
1  :1 

SAR 

Water    Soluble   Cations 
meq/1 
1  :1   dil. 

Ca               Mg                 Na                  K 

77-102-11        6          1.08     11.00'      .21          1.7 

8.1          .30            2.8 

.7     j       .5      j        2.1               .10 

2  ,        5          6.80     39.4     I  6.6       ■   10.7 

8.0        2.1              6.4 

4.2          4.2            13.6               .65 

3  :        2          9.70     47.6     |  8.4       :   11.2 

8.0        2.1 

6.7 

4.3     !    4.4      !      33.-0              .18 

4  !        2        11.10     42.6     [  6.9       !      9.7 

8.3        3.0 

30.5 

1.2 

1.2      '      22.5              .03 

Tj 

2          7.50     32.9     |   2.9       1     6.7 

8.6        2.0 

27.0 

.60 

0.7            22.7               .03 

._       6 

2"        12.80     51.4     ;   7.0       |   13.5 

8.8        2.2 

r~27.6 

.7 

0.7            22.0      i         .08 

...     .  ^ 

'     2     '  11.30     75.4       6.0           7.8 

8.5     ;   1.7 

25.2 

.6          0.5            15.0               .20 

!                          1 

I 

i 

:                            1 

i 

I 

1 

i 

'   1 

1 

j 

1                      ; 

, 

1 

i 

i 

1 

i 

i                 | 

i 

' 

I                                        ! 

1 

(Post    Plant) 


1 

| 

7-102-1 

2.3    1    14.2     1    .33 

1.7 

1    7 

>?    | 

1 

0 

2 

3 

1 

3.9 

1.5 

1 

3-7 

.30 

2 

7.5    !    54.2    J7.10          16 

.6 

1    8 

o  ! 

3 

5 

5 

6 

1 

11.2 

'      9.2 

1 

17.6 

1.38 

3 

11.4    I    74.3    19.80          26 

3 

8 

,i 

4 

.0 

29 

3 

1 

2.0 

1.5 

38.3 

.76 

4 

11.8       61.3     8.0            19 

8 

8 

5 

4 

1 

37 

9 

1 

1.2 

1-1 

.Afi.2 

1         -66 

5 

11.9    '    62.7      5.6        j    14 

.7 

8 

5 

5 

4 

49, 

5 

.9 

_*1.J 

I 

-JLL.-S. 

.4Q 

6 

14.1     :    79.8     7.1         j    30 

7 

8 

4 

5 

0 

37. 

2 

1-7 

1.4 

Ji,L 

.54 

'■p 

15.6    i    98.2    |7.4        !    17 

1 

8 

5    I 

3 

0 

28. 

1 

1.3 

.9 

29.4 

.46 

!         1 

! 

j 

!               1              I 

1 

' 

!                                                                         : 

I 

j 

1 

j 

1           i          i 

[ 

t 

i        !       1 

'                   | 

-"■"i                      !           !          1 

1                 1 

I 

11 

1 
1 

■ 

■ 

1 
I 
■ 
■ 

■ 
1 
p 

V 

p 
m 

p 
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Site   Name:     Beulaji  Trench.   North  Dakota 


Sample    Set   Represented  :      Samples    77-103-1    through   77-103-15 


iar.iple 
No. 


Depth 
(ft.) 


Pot   Wt. 
(gms.) 


GREENHOUSE   DATA 

Germination                                Relative  Ave.    Plant 

Time                   Yield              Yield  Height 

(days)               gms. /pot            %  (cm.) 


Field   Cap. 


23.5" 

11.  S 

25.3 

17.3" 

16.1 

T5.U 

7  107.0-133.3 

8  140.4-150.3 
9, 150.3-161.2 

10   161 .2-177 .9 


SvJfe 
177.9-193. 2__ 2000 j 12 ,.  b 


.2000. 
2000 


15.  L 
39.4 

19. 9_ 
65.7 
45.6" 


12   193.2-201.0      2000 

11,    b,    C| 

.25 

56 

29.0 

66.6 

13   201.0-220.5      2000 

11,    b,    ci 

.31 

16 

21.5 

48.5 

14   220.5-244.6      2000 

10,    c       j 

.22 

22 

19.5 

54.9 

15   266.6-279.0      2000 

12,    c        ! 

.22 

21 

19.0 



a»data   from  1    replication  only        b=salt  crusting  present 


■racking  present 


SOIL   LABORATORY   DATA 
(Pre-Plant) 


Sample 

No. 

Avail. 
P             Zn 

"'lont   Nutrients 
(ppm) 

l'e              Cu 

Mn 

Elect, 
pll        Cond. 
1:1       1:1 

SAR 

Water    Soluble   Cations 
meq/1 
1:1    ,U. 

Ca               Mg                 Na                 K 

77-103-1' 
2 

2 

4.32 

12.7    1    1.47 

4.7 

8.2             .7 

2.0 

1.2 

3.1 

3.0 

.28 

no  data   -- 

-- 

I  " 

— 

-- 

-- 

-- 

3      4 

1.50 

13.4        2.00 

7.9 

7.8    !         3.3 

h      .4 

6.2 

17.2 

1.9 

j         .87 

4      2 

.55 

5.0          . 17    f 

1.3 

8.0    !           .3 

2.2 

.6 

.7 

1.8 

.15 

5      2 

.34 

6.0    :       .13 

4.6 

8.2               .3 

2.7 

.6 

.7 

2.3 

.15 

6!     3 

.52 

10.2    i       .21    | 

3.8 

7.9    !           .7 

1.9 

2.2 

2.5 

2.9 

.23 

"7T    3" 

1.17 

11.5          .34    1 

3.9 

8.0    :           .3 

.5     * 

1.4 

1.2 

.6 

.20 

81     2 

6.70 

43.3        5.10   1 

10.2 

8.0    :         1.6 

9.7 

1.7 

1.4 

12.1 

.51 

9;     2 

5.30 

17.2       "2.05   j 

2.4 

8.6    I         1.4 

15.4 

.8 

.6 

12.8 

.15 

10;     2 

8.90 

53.1        5.30   '.  11.7 

8.3    |         1.9 

19.3 

.8 

.7 

16.4 

1         .13 

11 

3 

13.60 

64.2       9.80  : 

18.9 

8.4    |         1.7 

20.1 

.6 

.5 

15.2 

.08 

12 

2 

6.45 

19.5  1     1.56 ! 

3.10 

8.8  ;.        2.9 

27.7 

1.2 

0.9 

22.7 

.04 

13 

2 

14.40 

88.8  !   11.45 

17.00 

8.8  |          1.7 

|_19.1 

0.7 

0.6 

15.1 

.17 

14  i 

2 

16.30 

62.0  1   11.25  ! 

18.60 

8.5  1          1.7 

20.2 

0.6 

0.6 

15.5 

.08 

15  1    2 

11.50 

80.2|      5.10| 

6.40 

8.6!          1.7 

13.5 

0.8 

0.6 

15.3 

.68 

( 

Post    Plant) 

L 

77-103-1 

3.6 

10.4   |     1.41  ] 

6.7 

8.2   |         1.8 

1.7 

4.0   , 

8.9 

4.4 

.45 

2 

.71 

10.6   1       .46 

6.7 

8.0  |         1.7 

1.0 

8.2   1 

5.5 

2.5 

1.1 

3 

1.3 

15.5   '     1.80 

9.2 

7.9            4,5 

0.5 

32.3   | 

22.6 

2.7 

1.28 

4 

.5 

9.1    ,       .34 

2.1 

7.4            1.5 

1.5 

L     5-6-j 

4.6 

3.4 

.47 

5 

.5 

6.4    !       .25  i 

2.3 

7.7            1.8 

1.9 

6.7  1 

5.7 

4.6 

.50 

6 

.6 

11.0  ;       .34  | 

2.8 

7.5            2.1 

1.2 

9.8 

8.6 

3.7 

.54 

7 

1.9 

16.0  i       .44  ! 

6.0 

7.4  1          1.6 

0.5 

8.5 

5.8 

1.2 

.71 

8 

9.0 

47.6  '    7.8    ! 

18.7 

7.9            3.4 

9.5 

5.9  j 

5.0 

22.2 

1.33 

9 

7.9 

20.0   i     3.37  j 

3.3 

8.4  j          3.7 

24.6 

1.7  1 

1.9    , 

32.8 

.79 

10 

11.6 

70.3   |     7.70  j 

22.6 

8.3  |          4.7' 

31.8 

3.1   i 

1.7 

43.4 

.67 

11 

12.8 

107.0  |     9.30! 

26.8    ! 

8.4  |          4.8 

29.6 

2.6  | 

i.9  ; 

43.6      | 

.56 

12 

8.7 

24.9.      1.97! 

4.1  1 

8.71           3.6 

31.2 

1.6 

1.2 

36.0     | 

.02 

13 

12.1 

102       1    10.4   ! 

21.0I 

8.6,           -   . 

-- 

1 

.  ..   . .     ." 

-- 

"" 

14 

15.9 

84.3        9.8  ] 

28. jj 

8.1|           4.0 

34.8 

1.7. 

1.3 

42.2 

.77 

15 

15.0 

91.4|      6.4   i 

17. Tl 

8.4|           3.9j 

34.41 

1.6  I 

1.3 

40. 8 

.71 
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GREENHOUSE  ANT)  IABORATORY  DATA 
Site  Name :   Beulah  Trench,  North  Dakota 


Sample  Set  Represented:  Samples  77-107-1  through  77-107-11 


Samp] e 
No. 


Depth 
(ft.) 


Pot  Wt. 
(gms.) 


GREENHOUSE  DATA 
Germination  Relative 

Time        Yield      Yield 
(days)      gms. /pot     % 


Ave.  Plant 
Height 
(cm.) 


Field   Cap. 
% 


7-107-la        1.3-10.0      2000                       6,    c 

3.00 

143                         3.5 

23.5 

2        10.0-30.0     2000                       8 

1.72 

82                       29.5 

14.2 

3a     30.0-45.2      2000                       7 

1.25 

60                       28.0 

13.9 

4       45.6-60.4      2000                       8,   c 

1  .19 

57                       30.0 

77.1 

5  a_._60  M  4_-_8_6  ..8__2.Q .00 , 

£_„_8£A£.-_1Q£.„6_20P0 

7_JJJ...1_-_X3_2^8_2000 

a„lJL2^&Tl52JJL.2.Q0  0 

9  _15_2  J)- 1 12..L_20Q_0 

LQ....L81^LtJjQO.O__2000 

il_ ^OS^Sr 2 L7_t 6  .2000 ; 


21.9 


a=data   from   1    replication  only 


b=salt  crusting  present 


c=surface  cracking  present 


SOIL  LABORATORY  DATA 
(Pre- Plant) 


Sample 

No . 

A 
P 

va  i  )  . 
Zn 

Plant   Nutrient 
(ppr.i) 

Fe             Cu 

3 

Mn 

pll 
1:1 

Elect. 
Cond. 
1  :1 

SAR 

Water    Soluble   Cations 
meq/l 
1:1    rfil. 

Ca               Mg                 Na                 K 

2 

3 

.58 

6.2 

1     -15 

i      3'6 

8_,0 

.3 

L  -2-8 

.4 

.4 

-U5 

.08 

3 

3 

.46 

6.2 

.22 

1.2 

7.7  1        .3 

1.4 

1.1 

.8 

1        1.3 

.10 

4 

8 

.95 

27.0 

1.97 

I     2.8 

7.6 

.9 

.9 

4.5 

3.4 

1        1.8 

.31 

5 

1 

3.41 

13.7 

1.53 

4.7 

8.0 

'  .7 

.7 

4.2 

2.3 

1.1 

.36 

6 

2 

6.2 

20.2 

3.31 

10.6 

7.8 

.9 

1.0 

4.0 

3.1 

1.8 

.59 

7  1 

2 

5.7 

19.8 

1.52 

7.3 

8.2 

1.3 

11.7 

1.0 

.8 

11.0 

.38 

-81 

2 

5.2 

26.9 

2.13 

5.6 

8.2 

2.2 

23.7 

"      1.2 

.9 

24.0 

.28 

9  1 

3 

10.6 

18.5 

5.6 

4.5 

8.5 

1.3 

13.4 

.9 

.7 

12.2 

.20 

10 

2 

^.0 

33.3 

2.82 

5.4 

8.6 

1.4 

17.7 

.6 

.5 

13.1 

.94 

11 

2 

4.74 

54.7 

4.33 

9.5 

8.5 

•  2.4 

32.2 

.8 

.6 

26.7 

.08 

j 

( 

Post    Plant) 

| 

77-107-1 
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